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PART II. 



-«-J7 A 

DESCRIPTION 

O P T H E 

!W O R L D. 

C H A P. I. 

Of the Meaning tf the fford Cofmograpirf, and the 
l^efulnefi of the Science. 

[6HAT I now propofe, is to give a gc- i.wbaiu 
£ ncral Idea of the World, that is, a De- "f" *^_ 
g fcription of the Number, Situation, Mag- J^^'" 
S nitudc. Figure, and fome other Propcr- 
K ties of the principal Parts of which the 
vifible World is compofed : And that 
Science which treats of thefe feveral Particulars, is called 
Cofmagraphy. 

Vol. II. A 2 2. This 



4 ROUAULTs System PartlL 

1/Tf'i^* 2; This Science is not only of great Ufe in it felf, biit 
> »yj t tre. ^^ .^ ^j^ Confequcnccs which foUow from it. For be- 

fide that it is of great Advantage to us, to know the 
whole Strufture of our own Habitation ; wc may alfo af- 
firm, that there is fuch a Connexion betwixt the feveral 
Part^ of the Univerfe, and they have fuch a Dependence 
upon, and are fo linked with each other, that the greateft 
Part of thofe Events which are natural, and which af- 
feft us the neareft, cannot be explained without a perfeft 
Knowledge of the particular Conftitution of the World 
and of every Part of it, upon which they depend, as Ef- 
fefts do upon their Gaufes. This Science is alfo of great 
Ufe in Geography ; becaufe it is certain, that we caniK)t 
. have a perfeft Knowledge of the Situation of different 
Countries, with refpeft to each other, without having firft 
fettled the Phce which the Earth is in, with regard to the 
other Parts of the Univerfe. 
3* intobat o Sincc the World is the Work, or rather the Diver- 
^gu7jL fion of the Hand of God, who could divide it ii^o as 
treattdaf, many Parts as he pleafed, and difpofe them' in an in- 
finite variety of Ways ; it is impoffible for us to know 
the Number or Order of them, by any Reafon drawn 
from the Nature of the Things themfelves ; and we can 
know only by Experience, which Way God was pleafed 
to choofe, out of thofe many in which they might have 
been difpofed. We ought therefore, to confider every 
Particular, as' far as the'Weaknefs of human Nature, 
afiifted by all the Helps of Art and Induftry, will per- 
mit, that we may go back, as far as we are able, from 
the Effe<as to the Caufes ; and firft take Notice, how- 
Things appear to us, before we make a Judgment of the 
Nature and Difpolition of them^ 

CHAP. II. 

General Obfervations. 

»• y^^*^'^ 'TP H E firft Thing that we take Notice of, is the Earth 

riu* andof wlilch we inhabit, whofe Superficies is interrupted 

a certain and divldcd by a great Number of Rivers, Lakes, and 

Seas J and thougli the whole Bulk of Earth ^nd Waters, 

fcems to us to be imnienfe, yet we are affured that it 

k bounded and limited, (for we knov^ that • great many 

Perfons 
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Pferfims have gone round it different Ways) and confe- 
qoently, that it is of a certain Figure. 

2. This Figure ^muft neceffarily confift, either of a ^^]^fl^ 
great many plain Superficies, or cUe of one particular Su- rouU* 
perficies ; if it conftfts of but one continued Superficies, 

that muft be a curved one. But the Earth cannot be 

bounded by a great many plain Superficies, becaufe thefe 

^ould meet in diiFerent Angles where the Superficies are 

connefted together, fome of which we could not but 

take notice of 5 but we do not perceive any fuch Thing ; 

On the contrary, where-ever we are, the whole Extent, 

as far as our Eye can reach, appears plain and level. We 

muft conclude therefore, that the Earth is not terminated 

by a great many plain Superficies, but by one continued 

curved one. And further, becaufe the Earth appears e- 

qually plain every where, we have no Reafon to think, 

that the Superficies about it is of an unequal Curvature, 

and therefore we conclude it to be alike all over, that is 

the Earth and the Waters together are of ( i) the Figure of 

a Sfrfiere or a Globe, or a Ball, which is tlie fame Thing. 

3. This Globe is every where furrounded with Air, 3. oj th 
beyond which is that immenfe Spakce which h called the ^'''* '^* 
Heavens, wherein we fee a vafl Number of Stars, amongft J^^^* 
which we reckon the Sun and Moon, Sfaru 

(l) Ihe Figure of a Spberif &c.) Circumfertnct of the Earth* i Orb j tb^ 

Coocerning tht Earth^s beingY'^und, Journey ivhicb bi$ Head traveh ex- 

Stt yarenius*s Gea^rapby, Book I. eeedt that of bis Feet ^^ by the Circitm» 

Sea, 2. and Tacquet^ Aftronotry, fereilce of a Circ/e, tobofe Kadim /« 

^i L Num. 3. However it is cer. tb* Msn^i Height. 

Urn thit the Earth is not exaftJy Fourthly, If a Veffel full of Water 

aod traljr round, but itt Diameter at were lifted up perpendicularly ^ J'ittteof 

the £q«iiiodla) Circle is to its Dia- tbe Heater would continually run over, 

meter thro* the Poles, as 692 to 689. and yet the V^el vifould be alwayt 

SceNewtoh*s Priri. Bookill.Prop.l^* full, viz. Becaufe the Superficies of 

BaiTacquet in bi% Afirommy BookL the Water would always he depreflel 

Cbap. ii* Numb. 6. has drawn ibme into part of a larger Sphere* 

very neat Csnfeqaeaces from the Fifthly, If aVeffelfull 4>f WtPer 

R undnefs of theEarth ; wh"ch I (hall ^tioere carried direEily downwards y tbo^ 

add tocrc. »»** of it ran wer^ yet the Veffel 

YitA\YieiuJfattyPartoftbeEartb''t would not be fully yiz B^caLttfe die 

Superficiet be plain. Men can no more Superficies of the Water is raifed con. 

fiand upright upon it, than they can trnoally into part of a lefs Sphere. 
mpsm the Side of a Mountain. ^tcon6]y, Whtnee it foilows. Sixthly, '7 hat 

Becaufe tbe Superficiet of tbe Earth it tbe jame Veffel vhll bold moretV^f^^ 

g.'oboutf the Head of a ira'veUer goes at tbe Foot oJ a Mountain than at tbe 

a longer Journey than hit "Beet : And lop j and more in a Cellar than tn a 

be vfb9 rtdet on Horfebackigoes a lon^ er Chamber, 

"Journey than he *tvbo 'coalki tbe fame To which may be added. Laflly^ 

JVay on Foot : So liketvife the upper That two Threads upw which two 

'part of the Mafl of a Ship goes m^re Steel Balls hang perpendicularly , are 

kVay than the lower, viz. Becaufe n'A parallel to each otbsr^ but Parts 

they move in Part of a larger Circle. «/* two RadiuCs which meet at the 

Thirdly, If' a Man goet the whcle Centtr of tbt ^arrh, 

A3 4. The 
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4.7*«f there 4.. The grcatcft Pai:t of thefc Stars continue always in 
staft'^ttd ^^ ^^"^^ ^hx^ with jrefpeft to each other, which is the 
Pianat. Reafon why they are called fixed Stars 5 on the contrary, 
the other perpetually change their Place, and are there- 
fore called wandring Stars or Planets: 
5. Ofthi 5, The Number of the fixed Stars which appear to the 
%'1'itld'^ naked Eye, is a Thoufand and Twenty Two, fome of 
^rtfrir which have appeared but lately, and were unknown to 
the Antients ; and They 011 the other hand faw fome, 
which we cannot fee now. There are alfo fome Stars 
which appear but for a fliort Time, as that which w^s 
fcen towards the latter end of the Year 157 2, which at 
firft appeared brighter and larger than any of the reft, but 
diminiming by Degrees, in about fix Months it totally 
difappeared, 
€. Of tbf 6./ There are only feven Planets, the Names of which 

^bVtUmu ^^^' ^^^ ^^^^ ^^^ Moon J Mercury y Venus y Mars^ Jupiter^ 

and Saturn. 
7. Wbst a 7. The Antients diftinguiflied the whole of the fixed 
Confitl/atm Stars into feveral Signs or Con/iellattons^ to which, with- 
"• out any other Reafon than their own Fancies, they gave 

the Names of Bear,^ Lion^ Mermaid^ Serpent ^ &c. 
S. 'TbAt a 8. Befrdes the Thoufand and Twenty Two fixed Stars 
^o'^s^rt ^^^ mentioned, innumerable others may be feen through 
may bejeen a Tefefcopc ; and there may alfo be feen four little Planets 
hytbebfifefvvVich always accompany Jupiter at a fmall Diftance 
a TeUfopt, f^^^ Yxxm^ and (i) another little Planet always attending 

upon Saturn. 
^.Howtbe 9. The Sun 2inA Moon are the Principal amongft the 
£'*"'' r*"^ Planets, and thefe are eafily known : But the other Pla- 
*^"* nets can be known only by their apparent irregular Mo- 
tions, and by the Difference of their Light, which does 
not twinkle fo much as that of the fixed Stars. 
JO. T-6#tf^- 10. All the Stars, as well the fixed, as the Planets, 

//'«*/ ilhr*' ^^^^ ^^ "^' ^^ dcfcribe a great many Circumferences of 
nX/*L*- parallel Circles, and to move from the Eaft to the 
««. Weft. 

^i.vr'batit II- They perform their Revolutions in pretty near 
meant by a cqual Timcs J and the Time which the Sun takes up in 
vaturaiDay. g^j^g ^^^ Round, IS Called a natural Day ^ and is com- 
monly divided into twenty-four Hours^ and each Hour 
into lixty Minutes* 

(1) Antber tittle Planet , Uc) Nay about ^atutn^ %i C^fffiai^nA Hvgtniu* 
there may be ften with a gord Te- hare obfiived. 
icfcopc five im^ii PJanets numirg 

.C H A P. 
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CHAP. III. 

Conjeffures bcw to explain the apparent Motions of 

the Stars. 

THESE Obfervations being allowed, tbereJiAve been t.nf/fji 
two Hypothefes or Suppofiti6ns made, in order to^^^'» 
account for them. The firft is, that this Earth continues £^/^ jbci 
at Reft in the Middle of the Worlds and that the whole "w^ •»»•*• 
■ Heavens move round it from Eaft to Weft, and carry all ** 

the Stars along with them. 

2. The Second fuppofes on the contrary, that the Hca- **Jh tfi e§ad 
yois and the Stars do not really move round in Four and ^J^j^* 
Twenty Hours, as they appear to us to do ^ but that they jHtmnmM 4^ 
ate indeed at Reft, zxid feem only to move ; becaufe the ^ "•«*• 
whole Mafs compofed of Earth, Water and Air, and of 

every Thing which we fee here, does really turn round 
ks own Cbnter from Weft to Eaft. 

3. The firft of thefe two Hypothefes or Suppc^tions 3. ip^^f 
was maintained by Arijiotle^ tSfparcbusy Puleny^ and P*rJMu wtr» 
a great many Philofophcrs. ^i^£^ 

4. The la^er Hypothefii was maintained by EcphanteSy J^i^bl^r^ 
SeleucuSy Arijlarchus^ PhilolauSj Plato^ and )the Pythagare^ •ftbtUtttr 
am. Archimedes alfo fuppofes this to be true, in his ikx>k, *^-^'*"'» 
Entituled, Of the Number of Grains of Sand. This Q- 

pinion, after having been buried in Oblivion for many 
Ages, was revived again by Copemieus about Two bun- 
dled Years ago. 

5. If we confidcr tfaefeTwo Hypothefes, we &all find j. 7^,,/. 
that they will both equally folve thefe Phaenomena and tlerrftbifi 
general Obfervations ; for all the vifible Parts of the ^^^ 
Heavens will feem to tarn round from Eaft to Weft in ^, p^wt- 
Twenty-four Hours, the iame in one Hypothefis as in «nw« 

the other. Wherefore having as yet no R^on to follow 
the one rather than the other, we ought to fuipead oUr 
Judgment with refpeft to each of them : But becaufe we 
have undertaken to argue from the particular Phseno^ 
mena, which cannot be done without being of one Opi- 
nion, or taking Part with one Side, let us firft fiippofe 
the common Opinion to be (he true one,. 
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CHAP. IV. 

Of the Figure of the World. 

uf 0eyriHaplil TdiHts^ Lines arid CircUs^ whick 
are imagined to le upon the Superficies of it. 
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t. 9y tbt /ITT" E cannot cbnceive any Bo4y to be in Motion 

"^T^ ^^'b without comparing it with other Bodies, to which 

^tfi^Mtff'i^Js differently applied. Now upon this Suppofmon, that 

limtte^y^ffd/the Heavens move5 we muft neceflarily com|[:<are them 

%Jidi!\f with fottiething that we imagine to be beyond them; aiid 

afi^k^ Iherefpre we cannot but fuppofe them linuted. And bc-» 

Fi^Mrt, calife. Rejtfon and Experience fheW u», that a Body in- 

.eluded .within another, cannot mov^ freely> if there be 

any Angles on its Superficies ; therefore fince the Heavens 

. ^?ippdSir to move Very freely, we do readily conceive their 

.Superficies to^ be without any Ahgles, and confequently 

fpherical ; and further, not concerning our felvcs with 

whsit may b^ beyond this Superficies, hpt only t^ing 

.^11 that is contained in it for^he Unherfiy we affirm 

fhat the World, or the Univerfe, is of a fpherical Fi-^ 

-gttre.. „ 
at Oftbedi' 2, When 'we fuppofe the whofe Heavens to turn round 
«w<?/p/>f/fPi.^^^ygj.y j)ay, artd to finifli their Revolution in Twenty- 
four Hours, we imagine at the fame Time, that eve- 
ry Point ill then^ except TWo, defcribe Circles parallel v 
- Xo each other^ and thefe are cslled diurnal ax daily 
Circles. 
J*, o/tbe 2- Thefe Circles! ate all unequal, and the largeft of 
jifMor. the^ is called the Equator^ or the Equitw^ial Circle. 
4. Of the 4, The two Points in the Superficies of the Heavens 
^WM*^^ which do not defcribe any Circles at all, byt only turn 
about themfdves, are called the Poles of she World, One 
of them, Wz. that;^^hich is in theKart of the Heavens 
. Vifible to ys, is calkd the Arilick P0U9 a|id the other the 
Antartlick, 
r. of tb€ 5. The ftreight J^ine.wlvch gpegfroin one Pole to the 
'^Idd^^^ Other, and paffcs through the Center of tJie Earth, is 
' 9^?kd the Axii of the World, 

6. Since 
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6. Since *wc can always fee one Half of the Heavens, ^* ^'''/*' * 
in wtoit Part of the Earth foevcr we be, if our Sight be ^^^'i**"' 
not hinidred by Mountains, or fome fuch Thing, this is cmpBrtd 

I Proof, that the Earth b but of a very inconfiderable ^l^\^^^ , 
Egnefi, compared with the Heavens, and that it may be 
taken for a Point, with regard to the vaft Extent of 

tbem. 

7. The Circle which feparates the vifible Part of the 7- of '*• 
Heavens from that which is invifible, is called the Hori- °"^^'' 
%onj which is different according to the different Parts 

of the Surface of the Earth where we are. 

8. The Pales of the Horizon^ are two Points of the Su- 8. oj the 
Vcrficies of the World, each of them equally diftant from ^^J'^J^ 
tstxj Part of the Horizon ; that Pole which is over our 

Head is called the Zenith, and the other the Nadir. 

9. yht Mmdian is that Circle which we imagine to 9. oftb* 
pa6 through both the Poles of the World, and the Poles >*'"''<''^«- 
of the Horizon. ' 

10. It is evident, that the Meridian alters, if we go to 10. 7bat tbt 
any other Place, which is Eajl or Wefl. Sr' f ';*'• 

11. The 'Circles Which we conceive to pals through nggrtdian 
4e Poles of the World, and every Point of the Equator, nferywbtrt. 
are called Circles of Declination. DnuLf' 

12. Thoie Circles which we imagine to pafs through Declination. 
both Poles of the Horizon and every Point of its Circle, ^^-OfAMi^ 
are called Azimuths or vertical Circles, or Circles inter- "** 
feeling each other in the point direSily over our Heads. 

13. Moft part of thefe Things are by Analc^ xl» V'** 
transferred to the Superficies of the Earth. Thus the^^;/^''^' 
%wrtVs Equator, or EquinoHial Line^ or in general, the 

Vm^ is a great Circle which we iinagine to be on the 
Sur&ce of the Earth direftly under the Equator of the 
Heavens. 

14. The Axis of the Earth is a Part of the Axis of the ^^'J^'*' 
World, included in the Bodv of the Earth. X,. 

I5« 7i^ Poles af the Earth are the two Extreme Points » 5* V '*• 

of its Axis. _ ^ ^;^;'/'^ 

16. The Meridians upon the Earth, which are alfo cal- 16, 0' the 
led Circles of Latitude, are a great many Circles paffing ^"■^''' ^f 
tW the Poles of the Earth, and the feveral Points of the J^tr^t 
Equinoftial Line. . Jiartb. 

17. There is one Meridian upon the Earth, which ^J*^*^^' 
Geographers call thefr/l Meridian, and Ptolemy has hetn J^n. 
^fually followed in this, who chofe for the firfl Meridian, 

Ae Circle that paffes through the Ifland of Hierro, one 
, ^^ the Canary Iflands. 
I 18. To. 
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jZ.rbeOr- i8. To know the Order and Number of Meridians, 
^^fj}* it is cuftomary to reckon them from Weft to Eqft. 
j^^Joptbe 19. 7^^ Circle i of Longitude upon the Earthy are a 
Circlet of great many Circles, which we conceive on its Superficies, 
^"^'tb!' ^^ ^ paraUel to its Equator : they are on both Sides of 
M^rtL this Line, and diminilh as they grow nearer to the 

Poles. 
»p. -Bow 20. All the Circles which we imagine to be cither in 
any Circle is thQ Hcavens or on the Earth, are divided into three 
etiviM. Hundred and Sixty equal Parts, which are called £>e- 
greesy and every Degree is divided into Sixty Parts, which 
are called Minutes, &c. fo that the Word Minute is am- 
biguous, fignifying as well the Sixtieth Part of an Hour, 
iis the Sixtieth Part of a Degree, 



C H A P. V. 

Of the fbirf Ufss of the Circles of fbe Sphere of 

the World. 

1. Hajirft 'HP H E Equator in the Heavens, divides the World in- 

^*u{tlt^ *^ ^^° ^^"^ ^^^ ' ^^^^ '" which the ArSiick Pole 

^"* ^'^' is, is called the Northern Part, and the other is called the 
Southern Part. 
vf^f'^b^ 2. The Motion of the Equator is the Meafure of 
J^uatlr! Time, for we judge the Time to be more or lefs, ac- 
cording as there pa6 more or fewer Degrees of this 
Circle crofe the Meridian. The fpace in which there 
pafles fifteen Degrees of the Equator, is an Hour ; and 
the Space in which there pafles the Sixtieth Part of 
Fifteen Degrees, that is, fifteen Minutes, is a Minute of 
an Hour. 
\j-^^bf 3* '^^^ Horizon divides the World into two equal 
ulriJn. Parts, which are called Hemlfpheres j that which is vifible 
to us, is called the upper Hemifphere, and the Other the 
lower He?nijphere, 
A- Antbtr 4, When the Horizon cuts any diurnal Circles,' it is a 
^or}Ln^ Proof thit thofe Stars which are in thefe Circles rife and 
fet ; on the other Hand, when it docs not cut any, it is 
an Argument that the Stars, which are in thefe diuroal 
Circles, do not rife ahd fet at all. 

' 5- When 
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5. When any of thcfe Circles are cut by the Horizon, 5: V '*» 
die upper Part is called the diurnal Arch^ and the lower JlgJ^i^ 
Part the mSfurnal Arch, Anbti, 

6. The Quantity of thcfe Arches, {hews. us how long ^* S^^^ 
the Star which is in them, >is above or below the Ho- ArdSt. 
rizm. 

» « 

7. The four Points where the Meridian apd the E- 7. Of th$ - 
quator cut the Horizon j are called the Cardinal Points. ' ^^^'^i 

8. The Place where the Meridian cuts the Horizsn ^^c/gj^ 
in that Part where the Ar^ick Pole is, is called the North and 
Norths and the Point oppofite to it , is called the ^**'*- 
Smth. 

9. The Place where the Equator cuts the Horizon on 9' 0/ ths , 
that Side where the Sun rifes, is called the Ea/, artd ^^'^ 
the Place oppofite to it, is called the ffyi. 

10. The Place which is between any two of thofe, 10. Oftbi 
has its Name from the Compofition of thofe Two 5 '»fjm4diatt 
thus the Place, which is betwixt the North and the "" '' 
Eaft, is calkd the * North-Bajij that which is betwixt • Sa VI. 
the North and the Weft, is called the North-TVeftr that J^^^"'; 
which is betwixt the South and the Eaft, is callpd the cb«^ \u - 
Smh-£afi^ and that which is betwixt the South and the 

Weft, is called South-mji. 

J I. The Meridian, dividts the World into two equal '!• Tbe/rji 
Parts, that which is on the Side where the Stars rife, is ^*^^^j^* 
called the Eajfy and the other the IVefi. 

12. The Meridian divides the diurnal Arches intotwj^ 11. Anotiv 
equal Parts, and therefore fhews, that the Diftance of ^^{j^^ 
the Stars from their rifing to their coming to the Meri7 

^iian, is equal to the Diftance from the Meridian to their 
Setting, 

13. The Meridian determines the greateft Altitude a- ]J'^f/^l'^'^ 
l^ve the Horizon, of thofe Stars which rife and fct ; ^Jl'Jan. 
^dboth the greateft and the leaft Altitude of thofe Stars 

which never fct. 

14- The Arch of the Meridian contained betwixt the I'J' ^^^^^'y. 
Pole of the World and the Horizon^ is called the. Ele^- thlVoiZ^ 
wionof the Pole, and fo likewife the Arch of the Me- of tbe £. 
ridian contained between the Equator and th? Horizon^ fu^or. ■ 
is called the Elevation of the Equator. . t ^ E^cb </ 

f5« Each of thefe two Elevations, is tbe Comgle- theft it tbe 
Hieht of the other to ninety Degrees^ that is, either of Complement 
fhem being taken out of ninety. Degrees^ the Remainder Jf ^^^jlj,^"" 

^^^ other. , ,^ ' Degrm. 

16. Tbe Circles 0/ , Declination feryetoftiew thcDi- J/;^^,/'' 
ftance of any Star from the Equator j for wliat we call *^/^^ £>7-' 

the ivuuhp*. 
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» 

thtlfecltnathn of a Star, is nothing elfe but an Arch of 
one of 4idfe Grcles cointained betM^c»ti the Star and t:lie 
Equatoz". 
•f't^^ 17. The j/zifmahs ferve to (hew the Altitude or E- 
mutbt. kvation of a Star abo^re tl.e Herizsn^ or how far it is 

diftant from this Circle. 
it. Amhi^ 18. The firft A&imuih being that Which cufe the 
Vjt9ftktm, Meridian at right Angles, and from whence we begin 
to number the reft ; it is evident, that if we know in 
what Azimuth zny Star is, we can eafiljr tell where to 
find it. 
'g^.TbtUfi 1 9- The terre/trial Equator divides the Earth into 
if the ter* two equal Parts, that in which the Ar^ick Pole of 
rtfifid E' :^i^ Wc^ld i&, is called the Norths and the other the 
^-'"- South. 

«D. Anethir 20. Ftom tBis Circle we begin to reckon the Lati^ 
"VJe^fitm tudej (o that the Latitude of any Town or other Place 
of the Earth, is the Arch of a terrejirial Meridian con- 
tained betwixt fuch a Town or Place on the Earth and 
the Equator. 
%i*fTHifhe 2^* Thcy who live in the terreftrial Equator, have 
Latitude of thfcir Zenith in the celeftial Equator, and they who live 
**y f ^^'*aI ^^ ^^Y Number of Degrees diftant from the terreftrial 
^LvatitM ej Equator, have their Zenith as far removed from the cg-^ 
the PcJe a- teftial Equator ; and becaufe there is always a quarter of 
\^ '^' a Circle contained between the Zenith and the Horixofty 
this latter Circle muft neceflarily be as iiir diftant from 
- the Pole, as the Zenith is from the celeftial Equator : 
So that the Number of Degrees of the Elevation of the 
Pole above the Horizon^ is always equal to the Number 
of the Degrees of the Latitude ; wherefore if we knew 
one of thefc, we know the other alfo. 
%%.Htmi^ 22. In order to find the Elevation of the Pole above 
^*at!wt5^ the Horizon , we muft obferve the greateft and leaft 
tb€ Pih Height of any Star which never fets, and half the Diffe- 
shov€ tbt rence of thefe two Heights, added to the leaft, or taken 
4rer/«5«. ^^ ^j^ greateft, will give the Elevation of the Pole. 

^« Fj». ^Z* T'hus we obferve at Paris, that the leaft Height 
.MMf^c, bf tlie Star next to the Pole above the Horizon is 46 
D^recs 25 Minutes, and its greateft Height 51 De- 
grees, 25 Minutes. The Difference of thefe two Heights 
is 5 Degrees, the half of which is 2 Degrees, 30 Mi- 
nutes, which added to the leaft, or taken from the 
greateft Height, makes 48 Degrees 55 Minutes for the 
Elevation of the Pole, and confequently this is the La- 
titude at Paris. 

24. It 
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24. It is to be obferved, that if a Star be at its leaft s4-7^f '^« 
Height above the Ibrizmzt a ginrcn Hour, it miift de-^^^. 
fcribe half its diurnal Circle, before it come to its greateft /n^t^ tbg 
Height ;.sytd becauft lj)i& wil} tafcp HP t=w?dve Hours, it ^^«'m««» 
is cvideat, that the Star ought to be vifible all that Time, ^Jl'i'jr^. 
wbich (hews, that fuchObfervatioQs cannot be made but ttr. 

in the long Nights of, the Winter. 

25. The Ufe of the firji Murtdian^ is to cut cv^ %$. n* Uk 
Circle of Longitude in a certain Point from whence we ^(J^f^^ 
begin to reckon the Longitude of every other Point in *^ 
that Circle. For what we call the Longitude of any 

Place upon the Earth, is nothing elfe but the Arch of 
any Circle of Loneitude, contained betwixt the firft 
Meridian and that Place, counting from IVeft to Eafi : 
Thus yre fay, that the Longitude of Paris is 23 i)e- 
gi^ 30 Minutes ; by which we mean, that the Arch 
of the Circle of Longitude which pafles through Paris^ 
and is contained between that City and the firft Meridi-. 
Mj is 23 Degrees, 30 Minutes. 

26. The Circles of Latitude and the Circles of Longi^ i6. ThtUft 
tude^ interfeft and divide each other mutually. And J^JvSi^ 
indeed if we fuppofe, that there are three hundred and "^^'^^^^^^ 
fixty Semicircles of Latitude equally diftant from each 

other, and one hundred and eighty Circles of Longitude 
equally diftant from each other alfo, they will divide 
€ach other by their Interfedtions into Degrees ; 'fo that 
if any Town be upon the thirtieth Circle of Latitude, 
diis fcews it to have thirty Degrees of Longitude ; and 
fc likewife, if it be upon the fortieth Circle of Lon- 
gitude, reckoning from the Equator to the Pole, this 
fccws it to have forty Degrees of Latitude. 

27. Befides thefe particular tJfes of the feveral Circles *7* 7A*ir*- 
of the Sphere now mentioned, there is one which is ^^/^l^^if, 
common to them all, and which ought principally to be c/«, 
confidered in this Place, and that is, that all of them to- 
gether, do firft help us to determine the apparent Motion 

of every Star, by which Means we come to the Know- 
l^gp of their true Motio/is. het m firft examine that 
of the Sun, the Properties of which ought to be en- 
quired into before we confider thofe of the other Stars, 
^ being moft neceflariljr 19 be known. 
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CHAP. VI. 

Obfervatiens about the Sut^s Action. 

j.Tiifirfl 'T'HE Sun feems to us to deJcribe every Day from 
PU«mau* J- Eafl to Weft, a Circle parallel to the Equator. 
a.^itji- *• ^c ^bfervc, that the Sun docs not defcribe an 
*mrf Pin- exaifl Circle every Day fuccefllively, for it does not rife 
"^"^ precifely in the fame Point of the Horizon any Day that 

it did the Day before, 
x.Tiithiri 3- '"'^ ^"'^ ^° alters its Courfe, in palling crofs th^ 
rttamtwiti Horizon and Meridian, as to make a great many Revo- 
lutions in the Northern and a great many in the Southern 
Parts of the World. 
4> Tt* 4. There are certain Limits in the Horizan and in the 

fogribFbm- Meridian, which the Sun never palTes ; thefe Limits in 
the Meridian, are iweniy three Degrees and a Half AiC- 
tant from the Equator on each Side. 
^tiSjil, 5- When the Sun rifes near either of thefe Limits, 
ttMKmcHi the Place of its rlfing, and alfo that where it croflcs the 
. Meridian, is lefs fenfibly altered, than when it is near 
the Equator. 

6. Ttipxib 6. The Sun moves (lower from Eaft to Weft than 
rt^inmi"" t],j iixci Stars, as is eafy to be obferved ; for if at any 

Time we fee a Star in the Meridian two or three Hours 
after the Sun is fct, and look upon the fame Star a 
Month after at the fame Hour from Sun fet, the Star 
will be got thirty Degrees diftant from the Meridian. 

7. 7S* 7- The Sun appears bigger in the Southern Part than 
fivitub in the Northern. 

j-t^^BH 8_ The Sun makes feven or eight Revolutions more 

figitt in the Northern than in the Southern Part. 

Plieamaim 
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CHAP. VII. 

Conjeffures bow to explain the Pbanomena of 

the SUN. 

m. •• 

T E T US imamne in the Sphere of the World, a Cir- J- V |^^^ 
•" ck, whofe Pofition is fuch, that cutting the cae- tbtEc^tUk 
leftial Equator in two Points diametrically oppofite to 
each other^ it makes with it an Angle of twenty three 
Degrees and a Jhalf : This Circle we ihall henceforth call 
thcEcHpticL 

2. Let us imagine further, that the Sun is fo car- J',,»f i*^ 
lied from Eaft to Weft by the common Motion of the Mttm^ 
whole Heavens, that whilft it goes once round in this 
manner, the Place of the Heavens in which it is con- 
tained (and which may be called its own particular 
Heaven) canies it from Weft to Eaft in the Plane of 

the Ecliptick, in which it advances near a Degree every 
Day, in a Circle whofe Circumference is not every 
where equally diftant from the Earth, but is a little 
nearer it in the Southern Part of the World, than in 
the Northern. 

3. This Circle, whofe Center is different from the 3. o/ebg 
Center of the Earth, is caUed the Sun's exantrici Orbit: ^;^;^7- 
That Point of it, which is at the greateft Diftance from smio/iii ' 
the Earth, is called the Jpogaum^ and that Point which j9p(^aim 
isncareft, is caUed the PerigMm. C!^"'*^' 

4. By means of this Hypothefis, of which Hipparcbus ^, 'rkhh 
was the Inventor about one hundred and twenty Years Hippar- 
before the Birth of our Saviour; not only all Pb«no- Jj^^'/^J^ 
mena which we juft now mentioned, may be accounted johtuMUtbt 
for, but all tbofe likewi/e, which may be here or elfe- Pb^nmiMn 
where obierved* 

5. PixAfirfty Becaufe the whole Heavens move round 5* ^^ '^ 
from Eaft to Weft, it is evident, that the Sun muft like^ ^^^Tf^"^ 
wife move round in ,the lame manner, and defer ibe a Etfiutmft* 
Cirde parallel to the Equator. 

6. Secaulh^ Becaufe the Sun goes forward near a De- ^- ^-^/r 
grfi in the Ecliptick every Day, it muft change its l^- firln7pliitt 
c)ination every Day, that is,, its Diftance firom the E- in tbiHo^ 
quator^ and confequently it muft rife every Day in a 
different Place, and never crofe the Horizon two Days 
together in the fame Point, 



rtX9»* 
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7*^h if 7. Thirdfy^ The EcUpfick extending it felf both into 
Ch€i^\b<ab ^^ Northern and Southern Part of the WorW ; the Sun 

in tbeNor^ in paflkig through all the Degrees of it) muft necefraril)r 

/Aer» fl»j make a great many Revolutions on each Side of the 

p!llti7 Equator. 

8. ^ty 8. Fourthfyy And becaufc it never moves out of the 
«r^«/« * Eclipttck^ it can never be further diflant from the Equa-* 
£»uHds in tor, than the Ecliptick it felf is ; therefore there are cer-^ 
wbtcb the tain Limits both in the Hcrizm and Mfridiany beyon^ 
^^'^''fi'} which it never pafles. 

9. ff^hy the g. Fifthly^ As the Pofition of the Circumference of the 
^1tertn^°^ Ecliptick in the Heavens now is, the extrenie Parta of 
PUcei of the fame D^iee are not fo unequally diftant ffom the 
Mifing and Equator, in thofe Places of the Ecliptick which are fiir- 
Ba^wZ ^^^ ,^^ it-^ as in thofe Places where thefe Circles iii- 
stike. terfeft each other. Wherefore the Sun ought not fo fwi- 

(ibly to alter its Diftance from the Equator every Twenty-* 
four Hours, when it is near thofe Points where thjB Eclip- 
tick and Equinoctial Circle are at the greateft Diftance, 2t% 
when it is near where they interfeft 5 and confcqucntly it 
muft at that Time lefs fenfibly alter its Place of Rifing 
and Setting and croffing the Meridian every Day. 

10. my the 10. Sixthfyj The Motion of the Sun, from Eaft to 
jhw^tlm Weft, ought to be fo much flower than that of the 
Eafttomjiy fixed Stars, as it advances every Day towards the 

WnJVbytb* ^i« Seventhly^ The Sun being nearer the Earth, when 
Sun. ajtfeart it is in the Southem Part, than when it is in the Nor- 
^b^eTtL» ^"^^^^^ ^^ ought to appear bigger in the one than it does 
a^tber " in the other. 

5/«<«. 12. Eighthly^ Becaufe there is a greater Part of Ae 

^'n^f^^Jts ^""'^ Excentrick Orbit contained between the Equator 
more Rt^o- and the Arftick Pole, than between the fame Equatorand 
/ntfcmjnibe the Antar<aick Pole, therefore theSun has more Degrees 
than ^nl be ^^ P^^^ through, and confequently more Revolutions to 
Southern makc in the Northern, than in the Southern Parts, of the 
Warn. World. 

i^.wbytfit 13. Now if we look upon an Artificial Sphere, which 

C^ayyren-A rcprcfents the natural Globe of the World, we Ihall fte 

%Jai ""* ^^^\ amongft all the diurnal Circles which the Sijin dc- 

Ltn^tb, fcribes every Day, it is the Equator only which is cut 

into two equal Parts by the HortzoTij and that thofe Gir- 

c!ea which are on the Northern Part of the World, have 

the Diurnal Arch bigger than the NodarnaJ, and thofe 

on the Southern Part, have on the contrary, tfie No6hir- 

^ nal Arch bigger tlian the Dhirnal 3 hence it neceffarily 

foU 
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foBows, that when the Sun is in the Equator, the Days 
and Nights muft be equal, when the Sun is in the Nor- 
thern Parts, the Days muft be longer than the Nights, 
when it is in the Southern Parts, the Nights muft be 
knger th^ii the Days. 

14. We fliall alfo fee that the DifFerence betwixt the ]f\f^^J'\ 
diurnal and noftumal Arch of one and the fame Circle, andpJrt^ 
is fo much the greater as the Circle is further diftant ^*y« 
from the Equator; whence it follows, that the longeft 
Day muft be, when the Sun is at its greateft Diftance 
that it can be from the J^quator on that Side where the 
vifible Pole is ; apd on the contrary, the fhorteft Day 
muft be when it is furtheft diftant towards the invifible 
Pole 

15. If we place the two Poles of the artificial Sphere t$,Thattbt 
in the Horizon^ in order to reprefent the Situation of the ^V **^ 
Mtual Globe, with refpeft to thofe People who live in ^£'Jy\ Z' 
the Equinodial Circle, we Ihall fee that all the diurnal fuai to tbm 
Circles are divided into two equal Parts ; and there- '^hj^'^f 
fore to thofe People the Days are always equal to the E^uater! 
Nights. 

16. We may obferve alfo, that the further any Place ^^*7be/ur^ 
is diftant from the Equinoftial Line, and confequently \^t/^^ 
the higher the Elevation of the Pole be, fo much xhR from tit • 
greater alfo will the diurnal Arches be than the Noftur- f /'"''^' '*f 
|i^> on that Side where the Pole is elevated : Whence HYut^tl 
it follows, that when the Sun defcribes thefe Arches, the 
^^^ ought to be longer than the Nights in jproportion to 
^ Diflance from the Equinoftial Line. 

17* The diurnal Circle, which the Sun defcribes when 17. i^hst 
ft is at the greateft Diftance from the Equator towards ^^^ '' •»« 
the vifible Pole, being diftant from the Equator 23 Lfe- ^J.T'^ 
irees2ixd 30 Minutes^ it follows, that it is diftant from Hours long, 
the Pole of the World 66 Degrees and 30 Minutes, '^^''^[j/^. 
This being fo, thofe People who are in the Latitude of /j^J^p/alfig 
^ Degrees and 30 Minutes^ which is the heighth of 66 Degrta 
Ae Pole to them above the Horizon, muft necefTarily 3° ^i^^tcu 
fee this whole diurnal Circle ; whence it follows, that 
they have one Day Twenty-four Hours long. 

18. By elevating the Pole of the artificial Sphere above ig. that 
the Horizon to the Zenith, fo as to reprefent the Situ- ^H^ wi»o 
ation of the natural Globe, with regard to thofe People ,l'p^J,Y 
who live upon the Pole of the Earth ; we ihall find the have a Dttf 
coeleftial Equator to coincide with the Horizon 5 and 'if.ff^'^^' 
therefore, fo long as the Sun is in that Part of the y^ntbttach 
^orid, where the Pole is elevated, it will be always 

Vol. H. B vifible 
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vifible to that People, that is, it will be Day all that Time j 
and on the other Hand, as the Sun will be invifible as long 
as it continues in the other Part of the World, it follovirsj 
that their Night will be very near as long as their Day wasw 
jq.ui>at ig. We imagine the Ecliptick, as we do all the othec 
^tbtZodiack Circles of the Sphere, not to have any Breadth ; but we 
take a Breadth of fix Degrees on each Side of the Eclip- 
tick to compofe a Breadth of twelve Degrees, to which 
we give the Name of Zodiac k ; fo that we may fay, the 
Sun is always in the Middle of the Zodiack, 
^Q.Qftbt 20. This Circle is commonly divided into twelve 
ijfeive equal Parts, which are called the Twelve Signs j the ordex 
Stgn$. ^^ which is reckoned from Weft to Eaft, beginning at 
the Point where the Equator and Ecliptick interfed 
each other, and where the Sun by its proper Motion 
pafflbs from the Southern to the Northern' Parts of the 
World, 
ai. Of the 21. The Names which the Antients thought fit to 
Namei of give to the Signs, are, Aries^ Taurusy Gemini^ Cancer^ 
tbf Signs, £^^ Virgo^ Libray Scorpio, Sagittariusy CapricomuSy 

Aquariusy and Pifces, 
ai Wlenet 22. Tl)efe Names are taken from the twelve Conftel- : 
tbefe Namci Jations which were in thefe Signs in Hipparchus^s Time ; 
rtZed, '" but they have changed their Places fo much fince, that thC| 
ConfteUation called ArieSy is got out of the Sign Ariet^ 
into that of Taurus, and fo of the reft, 
*3- pffj>f 23. There are four remarkable Points in the Ecliptick, 
pf/«/7.^"'' two of which are in thofe Places where the Ecliptick 
and Equator interfeft each other, which are called the 
Equinoifial Points in particular, becaufe when the Sun 
is in thefe Points, it is the Equinox, tliat is, the Days 



^^. Of the and Nights are equ^l. 



Saijitceu 24. The other two Points are in thofe Places which 

are fuftheft diftant from the Equator, and are called th# 
Soljiicesy that is, the Points where the Sun feems to ftand 
ftill ; not that when it is got thither, it does not move 
as ufual, either with that Motion which it has in com-' 
mon with the Heavens from Eaft to Weft, or with its 
own proper Motion in its Heaven from Weft tO Eaft j 
but becgufe it does not feem to advance either towards 
the North or the South. 

fwoT^'^' 25. When the Heavens turn round in twenty-four 
,fiiku ^ " Hours, the Solftitial Points defcribe two Circles parallel 
to the Equator, which are called the Tropicks ; that \s cal- 
led the Tropick of Cancer y which is defbribed by thefirft 
Point of the Sign Cancer -, and that is called tlic Tropick\ 

4. 
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^ Capricorn^ which is defcribed by the firft Point of 
AeSign Capricorn, 

26. As the Ecliptick is Twenty three Degrees and a 16. Of tti 
io^diftant from the Equator, fo are the Poles of the Pj^^^'^- , 
Mptick as far diftant from the Poles of the World : "' 
Wlence it follows, that by the diurnal Motion of the 
Heavens, the Poles of the Ecliptick muft defcribe Cir- 
des parallel to the Equator, which are Twenty-three 
Degrees and a half diftant from the Poles of the World, 
and thefe are called the Pelar Circles. 

27. If we transfer the two Tropivh, and the two Polar a?. Of tb$ 
Circles to the Surface of the Earth, it will be divided ^''""' 
into five Parts, which are called the five Zones i that 
which is contained between the two Tropicks^ is called 
the Torrid Zone j thofe which are contained between the 
Tropicks and the Polar Circles, are called the Temperate 
Zones ; and the two remaining ones, each of which are 
comprehended in a Polar Circle^ are called the Frigid 
Zones, 

iS, The Time in which the Sun goes through the is. of a 
whole Ecliptick, is called a Tear^ and is 365 DaySj 5 3^*'"'» ««^ 
Houre, and about 49 Minutes. [^'f;"^'^ 

29. That this Year might obtain all over the Roman 29. ofebe 
Empire, and that the 5 Hours and 49 Minutes which JuHan nar, 
the common Year confifts of above 365 Days, might ^^^^ ^xaa* 
make the leaft Error that could be 5 Julius Cafar ap- 
pointed, that for the future, every fourth Year fhould 
confift of 366 Days ; by this means the Year would not 
be above eleven Minutes^ or thereabouts, longer than it 
fliould be y which was thought to be an inconfiderable 
Error. 

30. However, this Error fo increafed by little and 30- V tb% 
little in length of Time ; that whereas in the Times ^^^ii^^'L 
of the firft Chrijlians^ the Sun entered into Aries not till 
the twenty-firft Day of March^ fifteen hundred Years 
after it entered the eleventh, which is ten Days diffe- 
rence : And this was the Reafon of Pope Gregory , the 
XIII's ordaining, that this Error of ten Days fliould be 
t^tken out of the Year 1582, fo that inftead of confift- 
itig of 365 Days, it fliould confift only of 355 : And 
becaufe in length of Time- the fame Error would hap*- 
pen again, if there were no regulation made, he ap- 
pointed, that in the firft Year of every Century, except 
every four hundredth Year, the intercalated Day fliould 
be left out. 

Vol. II. . B 2 31. As 
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^i.ffytbe 2i\ As the Englijh and fome other Nations have n 
Latelt received this Alteration, fo th^ differ ten Days in t 
vfritunhy Dates of their Letters. Thus when. we reckon it t 
1lf"^'"'\ tb twenty-fifth of January^ they reckon it but the fi^ 

famt Day, teenth. 

dowtai' 32. The Time which the Sun takes up in pafE 

^%^^onTt ^^^^gh the Signs, Aries^ Taurus^ and Gemini^ is calli 

Spring, xhzfirji Seofon of the Year, or the Spring ; and as t 

Sun is found to be in the firft Point of Aries^ about t 

twenty-firfl Day of March-, the Spring begins u 

that Day. 

33. 0/ the 33. The Timd in which the Sun paffes through th 
Xump.tr, three following Signs, viz. Cancer^ LeOy and Virgo^ 

called the Summer j and begins about the twenty-firft 
June, ^ ' 

34. Of the 34* The Time in which the Sun paffes through t 
jiuiumn. Signs, Libra^ Scorpio^ and Sagittarius^ is called thi 

Autumn^ which begins about the twenty-third of Sep 
temher, 

35. Of tbe 35 • And the Time which the Sun paffes through th 
H^wur. Signs, Capricorn, Aquarius, and Pifces, is called Win 

ter, and begins about the twenty-firft of December, 

36. The 36. We find it hotter when the Sun is near the Sum 
faijttyoftberati than when it is near the Winter Solfticej whic 
'^nMtdged ^^ ''^^^ hitherto attempted to be explained, by faying 
for its being that the Rays of the Sun fell lefs oblique upon the Sur 
hotter in fe^e of the Earth in the Summer than in the Winter 
ti^M^u ^"^ ^^^ Opinion appears very improbable, if we confi 
H^inter, der that the Superficies of the Earth is not fmooth lik 

a Looking-Glafs, but very rough and unequal, fo tha 
the Rays fall perpendicular upon as many Places i 
Winter as in Summer. ^ 

^■j.^betrut 37. We may with more Probability fay, that the Su-| 
Atejon ^by perficies of the Air in which we live, when it is at thc< 
^inSummer ^^^S^^ ^^ about two or three Leagues, where there ii 
tbanin never any Winds or Clouds, is perfeftly fmooth andi 
Winter* even, like all other Liquors wliich are not in Motion ;• 
and as it is the Property of the Rays of Light when they 
are about paffing out of one Medium into another, not to 
enter all of them, ( i) but to be reflefted in a greater Num- 
ber, 

( I ^ But to he reJieSed \n a greater tion , the thinner they fall , even from 
U umber) To this we may add, that the very Nature of Obliquity both up- 
ihe more oblique the Rays fall, be- on the Atmofphere, and upon, the 
fjdis their being hiiidcred by Rcflcc^ Surface of the £aith. Thus tike iOy« 

IC 
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ber, as they fall more obliquely ; it follows, that there 
muft come a greater Number of Rays to us, wlien the 
Sun is near the Summer, than when it is near the Win- ^ 
ter Solftice^ And from this greater Number of Rays 
which come to us at that Time, arifes the Heat which 
we feel in Summer. 

38. Hence we may co;iclude, that the nearer the Sun 38. 7b§ 
approaches the Zenith of any Place, the hotter it is : %Y*' H^ 
Thus, becaufe it approaches nearer the Zenith at Rome^ tb» Equi. 
than at Paris^ therefore we find it is hotter at Rome than noaiai Line, 

at Paris. //' ,f T 

39. We may conclude alfo, that it is hotter under the 39. rbat it 
Equinoftial Line, than in any other Part of the Earth ; " *«''?/» 9f 
as well becaufe the Sun paffes twice in a Year, through ^Jl^l^^ 
the Zenith of thofe who live there, as becaufe it is 
never fq far diflant from their Zenith, as from that of 
others. 

40. However, it may fo happen, that Experience may 4J' ^^'''j: 
, feem to contradift this Argument ; for there may ^y\bat t^j 

in feme Places, particular Caufes which may augment make fime 
ordiminifli the general Caufe. The particular Caufes '^^'*'''^'"""* 
are thefe three j the Winds, the Quality of t{ie Earth, ^t^f/^^^^^^ 
and the Situation of it. For, Fir^y It is certain, that 
the Winds which blow from the Sea to the Land, muft 
very much abate the Heat. Secondly^ The more fandy 
the Earth is, the fewer of the Sun's Rays does it abforb ; 
and confequently, befide$ the Heat which they caufe by 
falling dire6ily, they muft alfo increafe the Heat of the 
Air by being reflefted. Lajilyy The lower any Place is 
(provided the Sun comes as much to it) the grofler ai\d 
thicker is the Air, which therefore caufes us to feel the 
Heat more. 

41. When the Sun's Motion is once eftablifhed ac-4i»^«o^» 
cording to the Rules of Geometry, it is very^eafy ^^^^un'^I^DecU. 
make Tables which fliall (hew in what Point of the nation ever/ 
Ecliptick the Sun is every Day : There are alfo Tables ^*J'« 
which contain the Declination of every Point of the 
Ecliptick, fo that we can know exadlly tl^ Declination 
of the Sun every Day at Noon, 

BC when they hll perpendicular. MO fall oblique, they tike up a 

Jy, are all of them larger Superficies DH, and therefore 

Tab.. XVil* recdved by the Su* caufe left Heat^ becaufe they ata 

f ^« ft J fttAaeh S O j but thinoen 
whcA the ikiQe Rayi 

B 3 42^ Hence 
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4». How to 42. Hence we may eafily find the Latitude of the Placq^ 

^tttttlf'an where we are any Day of the Year, provided the Air bei 

^pLcewb^e clear. For we need only take the Meridian Altitude o^ 

wan. the Sun with an Inftrument, that is, its greateft Altitucte 

that Day ; then if the Sun be in that Part of the WorM 

whofe Pole is invifible, add its Declination to the Me-; 

ridian Altitude, or if it be in that Part of the World 

whofe Pole is vifible, fubdud this Declination from thei 

Meridian Altitude, and the Sum or Difference will be 

the Altitude of the Equator, the Complement of which; 

to 90 Degrees is the Elevation of* the Pole, which is 

equal to the Latitude fought. 

Av Of the 43. (i) Hence we may alfo find what the Latitude of 

foZTfiT/ ^"y ^^^^^ "^"* ^^' ^^^^ ^^^ longeft Day of Summer may 
t^Numltr be of a given Length : Whence we may determine the^ 
eftbem. Blgnefs of every CJlmate : For by the Word Climate^ we' 
mean, a Tra5i of the Earth comprehended betwixt tivo- 
Circles parallel to the Equator y at fuch a Dijiance from 
each other y that there is half an Hour's Difference between 
the longeji Day of Summer tn the one^ and the longeji Day 
of Summer in the other. 
44. rhat 44. The further we go from the EquinoSial, (2) the 
tbert are j^iorc the longeft Day increafes, till we come to the Po- 
cw/X. lar Circle, where the longeft Day is twenty-four Hours j 
ttvtfft the tnat 

Equator and 

*a:b Volar (i) Hence we may alfo find, &c.) take the Altitude of the Pole out of 

Circle, The greateft Declination of the Sun ninety Degrees, and the Remainder 

being given. For when the Sun ri- will be the Declination of the Be- 

{tt in xhtlropicky we may imagine ginning of that Arch in the Echp- 

a right-angled fpbarical Iriangle tick which is always elevated above 

compofed of the Complement of the the Horizon j tw'cc the Diftance of 

forementioned Declination as the which, beginning from the Begin- 

Bafe, and the fought Altitude of n\n% of Cancer, will make the whole 

the Pole, and the Arch of the Hori- Arch that is always vifible : How 

Tnon contained between the Sun and long the, Sun is moving through this 

the Point where the Meridian cuts Arch, muftbe had by computing hi4 ; 

the Horizon in the Northern Parts true Motion fiom the Aftronomical 

as the Sides. Now in this Triangle Tablet. By the fame Method on the 

^ the Bafe is given, and the acute An- contrary, from the given Length of 

gle ac the Pule is aifo given, by the continual Day. may be found the 

means of the adjoining obtufe An- Altitude of the Pole in any of thcfe 

gic, w/38. half (he given Length of Monthly C/imstes. 

the Day, converted into Degrees, in (2) The more the longeft Day in- 

the Equino£tial Line ; from whence creaJes/Scc) Not only the lorger, but 

mzy be found the Altitude of the . the more unequally longer alfo, as is 

Pole fought. So likewife the Length evident from the following -/^r//V^. 

of the longeft Day may be found. In order therefbre to explain this 

■ 3f the Altitude of the Pole he given* great Inequality of the Climates^ let 

* But if we would know the Length us. fuppofe a, greatmany oi'/'?«'< ^^'''- 

of the continual Days in thofe Pla mons to be made by receding with 

cfs which are within the Polar Cir an cquab?e Motion froi» that which 

^cles, vix, jn the Monthly Climalfs, is caJJed the right Horizon j it is e- 

' (See Arr. -f 5. of this Chat>.) wc moft vident, that all thefe Horissom by 

their 
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that is, twelve Hours, or twenty-four half Hours longer 
liem under the Equator: Whence it follows, that there 
muft be twenty-four Climates, betwixt the Equinodial 
mi the Polar Circle ; and becaufe the longeft Day at 
Paris is fixteen Hours, that i$, eight half Hours longer 
Aan under the Equinoftial Line 5 therefore Paris is fi- 
tuate in the End of the eighth, or the b^inning of the 
ninth Climate. 

45. When we go beyond the Pokr Circle towards J^^^,„^,^ 
the Pole, wc Ihall find a very great Increafe of the longeft ciimstit 
Day of Summer ; wherefore in thofe Places, we mean ^T' i^* 
by the Word Climate, a Traft of Land, comprehended ^/^^ ^ 
between two Circles parallel to the Equator, at fuch a 
Diftance from each other, that there is a Month's Dif" 
fcrence between the longeft Day of Summer in the one, 
and the longeft Day of Summer in the other. Now be- 
cade at the Pole it felf, it is continual Day for fix 
Months, therefore there are fix Climates betwixt the Po- 
lar Circle and *he Pole. 

46. As many Climates as there are betwixt the Equi- 4^* ?^/'*J 
noftial Line and one of the Poles, fo many ought we '^^'^IkJfi 
to imagine betwixt the fame Line and the other Pole ; maiy c//- 
whence it follows, that there are fixty Climates in all. 7f''* " '** 
This does not indeed agree with.the Writings of the An- * *"^*'* 
tients, who did not reckon near fo many, but the Dif- 
ference ariies from hence ; that they confined the Word 
Climate to the habitable Parts of the Earth ; and be- 
caufe the Zones towards the Antarftick Pole were un- 
known to them and efteemed inhabitable, as well as the 
tonrid Zone, and the Northern frigid Zone, therefore 
they reckoned but a very few Climates. 

their Interfedions with the Semi- we imagine diurnal Circles to form 

dfcle of the Trepick that is elevating, Cbcrds in the fame manner, by their 

win form Chords diftant from each Interfedions with the Ediptick. For 

otber by fuch nneqjaal Arches, that it will appear, that two fuch Cbordt 

thofe of them which are formed by that are near the Tropick, contaia 

the moft oblique Horixoni, are a bigger Arches of the Ecliptick be« 

great deal further diftant from each tween their Extremes, than two at 

other, thanthofe of them which are the fame Diftance from each other 

fbrmel by the leaft oblique Hor/«o»i \ which are nearer the Equator \ and 

much after the £ime manner, as the the diurnal Circles which are near 

Arches contained between the Ex- the Tropick, may be conceived to be 

tremes of two Chords at fome Dif- much thicker and clofer than thofe 

taoce from the Diameter of any Cir- near the Equator, and therefore there 

cle, are greater than thofe between is no need of receding ib much front 

' two C^orJi at the £ime Diftance from a right Sphere, in order to make 

each other, which, are nearer the thirty of the thickeft of them rif^ 

IKameter. By the fame Similitude, entirely above the Horixon, as eg 

may that other Inequality of the make ft) many of thofe which are 

Mntbly Cliwiatti b9 explained, if not fo thick/ rif^i 

B 4 47- That 



47* l^at thi 
Sun's Apo- 
gaeum it al- 
tered, and 
hit Excen- 
tritity dt' 
mnified. 



ROHAULr*t System 



Part tl. 



4.S. That 
thefe Alte- 
ratient are 
very irre» 
guiar. 



47. Thst we may not omit any Thing relating to the 
Sun, we mufi: take notice, that his Apog^eum has alte- 
red its Place in the Heavens ; for at the Tirtie of our 
Saviour, it was in the Eighteenth D^ree of Geinini, kn4 
now ft is in about the Eighth Degree of Cancer^ It is 
obferved alfo, that the Diftance between the Center erf* 
the Earth, and the Center of the Sun^s excentrick Orbit^ 
which is called his Excentriciiy^ is not fo great as it Wa& 
formerly ; fo that the Sun is not fo far diftant from us 
in Summer as it was, but a little further diftant iA 
Winter. / 

48. The Progrefs of the Apogaum^ and the Diminu- 
tion of the Excentricity^ are not according to any Rules ; 
and of all the Hypothefes hitherto made, there have been 
none that would entirely agree with the- Observations 
made by Aftronomers at different Times. ^ 



CHAP. VIII. 

Ohfervations and Conjectures about the fixed Stars. 
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E C A U S E it will take up a great many Ages to 
obfer\'e the Phenomena of the fixed Stars ; and be- 
caufe late obfervers have taken notice of many Parti- 
culars, which efcaped thofe who went before ; therefore 
there have been very different Conjeftures made from 
time to time about their Motions. 

2. Hipparchus lived the greateft Part of his Life, with- 
out obferving any Thing more of the fixed Stars, but 
that they moved from Eaft to Weft in Cih:les which ap- 
peared exaftly parallel to the Equator : which made him 
conclude, that they were all placed in " the fame folid 
JHeaven ( which is called the Firmament) which he fup- 
pofed to be (i) beyond all the Planets 5 and becaufe he 
did not fee any Neceffity that this Heaven fliould derive 
its Motion, which is a fimple one^ from any other 
Heaven above it ; he therefore affirmed this to be the 
laft of the Heavens, and that it turned all the others 
round along with it, and therefore is the Primum Mobile. 

{!) Beyond all the Planttt, kc^^ Stars, ^tt the Notet M Chop, xty* 
Conccroing the Diftaacc of ttie fixed jitt, 3. »/ tbit Fart^ , 

3- I^ 
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3. It being then the Opinion of Hipparcbus^ that the 3* ^^ 
faced Stars never altered their Places in the Heavens, he tbiTwgU 
thought they \trould be of ufe to determine the Courfes tudtand 
of the Planets ; in the fame manner as Rocks in the Sea ^'Jf^^*-'^ 
sie made uie of to obferve the Courfe of Ships which ^^^^^ 
leave no Tra^l behind them : He therefore ihiployed all 
his Pattis, to meafiire the Diitance of every fixed Star 
froni the Eclipdck, trhich is called the Stars Latitude ; 
and to find out hovr many D^ees and Minutes of 
the Ecliptick, reckoning from Weft to Eaft, there were 
between the ftrft Point of the Sign Aries^ to the Point 
diiefUy agatnft 6very fixed Star ; which is called its Lm- 
' gitude: Bat he being prevented by Death, it was left to 
Pofierity to finiih what he defigned. 

4. Ptdkfr^y who lived about two hundred Years after ♦• 7beap^ 
Uiffarcbus^ pnipofed to efbblifh the Motion of thef^'^j.^" 
Fhnets ; and having the Curiofity to obferve whether YAs fixed Stars 
ftedefceflbr had been exa£): in determining the Longitude A*" ^f '• 
and Latitude of the fixed Stars ; he obferved, that f^^^* ^^J^ 
their Latitude was exacEUy the fame as Hipparchus found lemy. 
it, but that their Longitude was increafed two De- 
grees. 

5. From hence he concluded, that befidcs the Moti- fj^'i*"'* 
on of the fixed Stars from Eaft to Weft in twenty^four of tbU Z- 
Hours, they had another Motion from Weft to Eaft in "«»• 
Circles parallel to the Ecliptick, in which hs^ving advan- 
ced two Degrees In two hundred Years, their periodical 
Revolution w6uld be compleated in thirty-fix thoufend 
Years. 

6. And becaufe the Firmament can have but one Mo- 1* ^^^ * 
tion only betonging to it, he afcribed this Moti(m of M^htUwsme 
Thirty-fix thoufand Years to this ; and made the diurnal /» ^ efi^- 
Motion from Eaft to Weft, to depend upon another J^*^* ^'f' 
Heaven which is beyond it : And thus the Primum Mo- the fIom* 
hile^ as a Heaven in which there were no fixed Stars, «*«'• 
and which included the Firmament in it, began to be 
Upceived. 

7. The Aftronomers who have been fince Hipparchus^ 7- ^^^' the 
have acknowledged the Motion of the fixed Stars from tbcfix!d 
Weft to Eaft, which is increafed fo much, that the Lon- Start from 
gitude of every fixed Star is become about 28 Degrees ^^fl^^W'efi 
more than it was in our Saviour's Time ; but becaufe " "''''<S« '"■• 
this Progrefs hath been unequal in different Centuries, 
there have been different periodical Times afligned. Some 
have affirmed, that it takes up forty-nine thoufand Years 

to 
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to compleat an entire Revolution of them, others but 
twenty-five thou&pd, and others ftill different: but later 
Jftronomers^ who had the Advantage of the Obfervatioiis 
of others, have declared the Motions of the fixed Stars 
to be irr^ular, and that it is impofEble precifely to de- 
termine the Time of their Revolution. 
8. How the 8. Becaufe this Opinion did not agree with the Fol^ 
^^^•^^f^^Jowers of Jrijiotle, who affirm, that the Heavens cajti- 
r* ift efta* not be fubje(^ to any Alteration ; therefore it feemed 
^/ijbed, more probable to fome, that^the Firmament it felf mo^ 
ved exaftly regularly, and that every Irregularity was to 
be afcribed to fome external Caufe : Wherefore thejr- 
imagined a certain Heaven to be betwixt the Firma- 
ment and the Primum Mobiky which by its own proper 
Motion, librated fometimes from Eaft to Weft, and : 
fometimes from Weft to Eaft, and by that means ac- 
celerated and retarded the apparent Motion of the fixed 
Stars by Turns. This was called the Chry/lalline 
Heaven. 
9* Of the 9. It is to be obferved further, that the Ecliptick, 
*^'^^''^'^^^/ which is now twenty-three Degrees and a half diftant 
//(w «///.« from the Equator, was diftant from it twenty-three 
^ciipeick, Degrees and fifty-two Minutes in Ptdlem^s Time : 
llfdin^'^/^^^ order to account for this Alteration, they imagined 
ftcond another Chryftalline Heaven fHU, which they made 
CbryfiaUine to librate from North to South, and from South to 
^'"^''- North. 

10. ikat 10. Whatever the Progrefs of the Firmament be, 
medMh'^tl whether regular or irregular, fince there is no fenfible 
tmjider the Difference during a Man's Life, it is fufficient for any 
^"'^^'f^"" Aftronomer to obferve ,once in his Life, the Longitucte 
Jt^^Start* ^"^ Latitude of the fixed Stars, in order thereby to de- 
termine the Motion of the Planets. 
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CHAP. IX. 

' Ohfervations about the MO N. 

T F we make the like Obfervations about the Moon that i. TbtjSf^ 
^ we have done about the Sun, we fhall find that their ^V'^"!'^ 
Phaenomena are prettp much the fame. For firft we ^j^cw! * 
obferve, that it moves round the Earth every Day from 
Eaft to Weft in a Circle which feems parallel to the 
Equator. 

2. But by daily Obfervation we find, that it is not ^'^P'-^'^f*^ 
an exad Circle which it defcribes, becaufe it alters its '*** 

Places of Rifing and Setting every Day ; and that fo 
fedibly, that this Alteration is as much in one fingle 
Day, as that of the Sun is in thirteen or fourteen 
Days. 

- 3. There are Limits in the Horizon and Meridian, 3* '^ '^'^^ 
beyond which the Moon never paffes, and they .are very •'*'^^'*"* 
near the fame with thofe of the Sun. 

4. The Moon moves flower from Eaft to Weft A-^p^f fourth 
than the fixed Stars, as may eafily be obferved in one 1""^^**°'** 
Night. 

5. The following Conjefture it built upon thefe Ob- S'^^^ftbefe 
fervations, viz. that whilft the Moon is carried from Eaft ^^{'^fV^^ 
to Weft by the Primum Mobile^ it has alfo a proper em to £^1 
Motion of its own from Weft to Eaft in a Circle which «'«'? ^*« 
cuts the Equator, and declines very near as much from i^^^^^jj^f 
it towards the Poles, as the Ecliptick does ; but whe- 
ther this Circle of the Moon be the fame as the Eclip- 
tick, or different from it, cannot be determined by the 

Eye. 

6. We mujft therefore have recourfe to the Method 6. Bow to 
propofed by Hipparchus^ viz, to meafure every Day thef"^'^^^^ 
Diftance betwixt the Moon and two fixed Stars, ( i) whofe p^^^^Z^ 
Longitude and Latitude are known, in order to find the 
Longitude and Latitude of the Moon every Day : Here- 
by we fhall fee that the Moon advances every Day a- 

bout thirteen Degrees and a half from Weft to Eaft, m 
a Circlip which cuts the Ecliptiftk, and deviates from it 
about five Degrees on each Side, fo that it goes through 

(i) JFboJe Longitude 4nd Latitude are knotiott, &c.) See Mercator^s Jljiron* 

the 
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the whole Circle in twenty-feven Days and a half, 
thereabouts, 
•j^OftbePe- y. This Time is what we call the Moon's Periodical 
s^odftai Months and ought not to be confounded with anoth^] 
mwtbt. fort of Month which is called Synodical^ and which c6n- 
fifts of twenty-nine Days and a half, which the Moai 
takes up from the Time that it is in the fame Degi 
of the Zodiack vrith the Sun, to the Time that it meet; 
with it again in another Degree thereof. 

c^Jsfiln' ^' ^^^^ ^^^ ^^^ ^^^ Moon meet together in the fam4 

eftb^Sun Degree of the Zgdiack, it is called a Conjun£fion of tbi 

and Moon, Sun and Moon, or, the New Moon. 

iJ^m^ 9. When the Sun and Moon are ninety Degrees diftant 

it, from each other, it is called the ^adrature, or ^uarte^ 

9. fn>at tbi of the Moon, which happens twice every Month. 

^^a'r^er ^^' ^hcH the Sun and Moon are a hundred and eight] 

e/tbe Moon Degrees diftant from each other, it is called the Oppoji" 

"• tion, or Full Moon. 

^oppSfthnlr ^^' ^^ ^^ Time of the Conjunftion the Moon can- 

Fuii Moon, not be feen at all ; but one or two Days after, it appeal 

V: ^/ 'J" horned, end the Horns are always tutned towards that Pai 

feaZnce ^^ ^^ Heavens which is oppofite to the Sun. 

rear tbe 12. Thefe Hortis incrcafc as the Moon gets furthei 

Conjunaion. fj.Qj^ ^j^^ g^^ ^j^j j^ appears full and intirely rounds 

12. How ",.... ^ r • -^ 

aflears at When it IS m its Uppolition. 

tbeOppofi' 1 2. The Diameter of the Moon does not appear to be] 

i"!Vi&dr fi« (^) always the fame ; for we obfer\T it to be leaft at th< 

iifoo«'iD/tf- Times of the Quadratures, and to be biggeft at th< 

meter does Time of its Oppofition, and about the Tim^ of its^ 

:^%. Conjunaion. 

fame. 14. The Motion of the Moon from Weft to Eaft, is 

14. 7bat itt fenfibly quicker at the Time of its Oppofition and Con- 

^Motion^frm]^^^^^^'* ^^^^ ^^ the Time of its Quadratures. 
Wifi to Eaft 15. The Circle in which the Moon feems to move 
is "^l"^'- from Weft to Eaft is not always the fame ; it defcribes 
clurfelftbe^ ncw One cvcry Month, and crofles the Ecliptick in 
Moon is not different Points lucceflively from Eaft to Weft. 
iZT '^ ^^' '^^^^ Interfcaion of the Ecliptick and the Moon's 
IT. Of tbe Circle, where the Moon paflcs from the Southern Part of 
Dragon's the World to the Northern Part (with refpeft to the 
^^aloTs^ Ecliptick) is called the Dragon* s- Head, or the ajcending 
*iait. Node, and the other InterfciSion is called the Dragon^s 

Tail, or the defcendlng Node, 

(1) Altuayt tbe fame, itc) See tbe Notts 9B Cba^. joS. Jrt, 5. oftbit 

Tsrtt 

17. If 
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17. If we obferve the Dragon's Head in any Point in ^' *^«/ '*• 
the Ecliptick, it will be about nineteen Years before itijgj^^*'"' 
be in that Point again. cbangtt it» 

18. To thefe rhanomena we may add, that we fre- ^^^ , . 
quently obferve the Moon topafe betwixt us and fame of ^^i^, ^„ 
the Stars, but. never any Star to pa(s between the Moon ^ffem bidip 

and us. %^[7Z 

19. Thefe are all the Phanomena which Aftronomers Mooti, 
have laboured to find out the Reafons of : but natural J.9' of tu 
Philofophers have long fince obferved further, that a-^^J'^^l^^ 
little after the Moon's Conjunftion, not only the Horns Moon /a 
of it are to be feen, but all the reft of its Surface which 'J^' ^^ 
is towards us appears of an Alh-Colour, ^ 
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CHAP. X. 

ConjeSlures whereby to explain the Phenomena of the 

MOON. 

TN order to folve thefe Phanomena^ Ptolemy fuppofed j! ^*f-^^ 
•*■ the Moon's Heaven to be neareft the Earth, o/ptoiOTif* 

2. Secondly^ That this Heaven, whilft it is carried » Tbefecond 
every Day from Eaft to Weft by the Primum Mobile, is, ^;^'*«/^'- 
by its own proper Motion, advanced thirteen Degrees and 
a half about the Poles of the Zodiack. 

3« Thirdly J That the Moon is not placed exaftly in ^f-^'|f .^ 
its own Heaven, but in the Circumference of a large ^^^"' ^'* 
round Body (called an Epicycle) included in its Heaven 
' like a Diamond in a Ring. 

4. Fourthly, That the lower Part of this Epicycle in 4 Of tbc 
which the Moon is fix'd, turns from Weft to Eaft, ^'1^1'/ de. 
and the upper Part from Eaft to Weft, in fuch a manner, 

' that the fmall Circle which the Moon by this means 
defcribes, is always in the Plane of the great Circle, in 
which it is carried about the Earth in twenty-feven Days 
and a half. ' 

5. Fifthly, This Epicycle turns about its own Center 5* fl<>w/f«rf 
in fuch a manner, that when the Moon is in Conjunftion J^J^^,7/; 

, with, orOppolition to the Sun, (i) it is in the lower Part Epicycle 

takes up* 

(i) It it in tbe lower Part of its Epicyth, &c.) See tbt Nctet on Cbaf* 
ttiii 4re, 5, of tbi$ Part, 

of 
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of the Epicycle or in its Perigaum ; and when the Moon 

is in its Quadratures it is in the upper Part of the Epicycle 

or in its Apogaum ; that is, the Degrees which the Moon 

moves in its Epicycle are double the Number of thofe th» 

Epicycle moves in departing from the Sun. 

e.Tbattbe 5^ La/lly^ Ptolemy was of the fame Opinion with 

fk^i iti' ^^^^^ the Mile/tan^ that the Moon is a dark fpherical 

Light frm Body, and receives all that Light by which we fee it 

the Sun.^ fy^^^ ^}^g S^„^ 

7. upontbefe J, Thefc Hypothefes being allowed, the foregoing Ph^e- 
Suppi^tions, fiQjfigyja of the^Moon, which are very near the fame as 
going Pba- thofe of the Sun, may eafily be folved. 
mmena may 8. Further, it is manifeft, that they explain why the 
^^Wh^'b ^^^ appears to defcribe a Circle from Weft to Eaft in 
A2ao»tff/ the Zodiack'^ becaufe it is fuppofed really to defcribe fuch 
ftart to a Circle. 

H^fitoEaR, 9* Moreover, becaufe at the Times of Conjunction and 
^,m>y tbis Oppofition, the Moon is fuppofed to be in the lower • 
Motion is Part of its Epicycle^ and that when it is in that Part, it 
Vb^Tmelof ^s carried from Weft to Eaft; this Motion confpiring 
tbeConjunc' with the Motion of its Heaven, which carries the whole 
tionandOp- Epicycle jhc fame Way j it necefTarily follows, that the 
fojtfion* Moon muft then appear to move with great Swiftnefs 
towards the Eaft, and becaufe it is then nearer the Earth 
alfo, (i) it muft appear very large. 
lo^Wbyit 10. On the contrary; becaufe at the Times of the • 
rsjlowerat Quadratures, the Moon is fuppofed to be in the upper 
'tb^^d^{. P^^^ ^^^^ Epicycle, and that when it is in that Part, it 
turct, is carried from Eaft to Weft ; the Space in which it is 

thus moved by its Epicycle, muft be deduced from that 
Space in which it is carried by its Heaven from Weft to 
Eaft, fo that it advances but the Difference only of them ; 
and therefore its apparent Progrefs from Weft to Eaft, 
ought to feem lefs than at any other Time of its Revo- 
lution ; and becaufe its Diftance from the Earth is then 
increafcd, by the Length of the Diameter of its Epicycle, 
it muft appear lefs. 
II. Why the ^^' Becaufe the Moon has no Light at all of its own, 
jiSoon cannot but borrows that by which we fee it, from the Sun ; 
^//"" "1 ^^ ^^ evident, that it ought not to be feen at all at the 
^ime of its T™^ ^f its Conjundion, becaufe then the upper Part, 
Gonjunaion, which \s enlightned, is turned from us, and the lower 
Part, which is not enlightned, is turned toward us. 

(O Itmuji appear very large) Sec the Notes on Cbap. xxu. Art. 5. of 
thii Fart, 

12. AS 
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12. As the Moon getd further from the Sun, either '*• ^-^/^ 
towards the Eaft or towards the Weft, it ought to appear ji^», ' 
bomedy becaufe a Part only of the inlightned Half is 

tumed towards the Earth ; and its Horns ought to appear 
turned toward that Part of the Heavens which is op- 
pofite to the Sun, becaufe the Light is bounded on that 
Side. 

13. At the Time of the Oppofition, the whole lower 'J- ^^y/^ 
Part of the Moon is turned toward the Sun, and towards fj^/^^^J 
us, and therefore it muft appear j^//. at the Op^^ 

14. Becaufe the Moon's Heaven is fuppofed to be the)^""*^ 
neareft to the Earth, it follows, that the Moon may fome-^ii St^t 
times pais betwixt us and fome of the Stars ; but no Star ar« bidfme* 
can pals betwixt that and us ; which is agreeable to Ex- ''«" *J"^« 
penence. ^ of the Mom, 

15. As to that feint Light which we perceive in the i5*^^w« 
Moon's Body when it is near the Conjunftion ; Galilaus ^Lfl^^bich 
is the firft, that I know o^ that thought it to be cau- appeart on 
fed by the Rays of the Sun, refledled thither by the '^« -P^'"' «/ 
Earth, which is proved by the following Arguments. Jfj^^Tow 
Firft, The Earth is an opake Body, and therefore it muft the Sun. 
necefiarily reflect fome Part of the Light which falls up- 
on it. Secondly, becaufe this faint Light cannot be feen 
but when the Moon is very nearly right againft the Mid- 
dle of that half of the Earth which ^ is enlightned by the 
Sun. Laftly, Becaufe this Light of the Moon is fenfibly 
greater, when, Rifmg in the Eaft, the Rays which re- 
fleS a great deal of Light from the Continent oijifia fall 
thicker upon it, than when Setting in the Weft, the Rays 
wily which are reflefted from the Ocean, which abforbs 
moft of them, fall upon it. 



CHAP. XL 

Of E C L I P S E S. 

ly H E N , the Moon paffes between the Sun and ^eS'^^/L 
^^ the Earth, and hinders us from feemg it ; this is Sun L 
called 2Liy Eclipfe of the Sun, which is fo much the 
greater, the more the Sun's Body is covered ; and it may 
be total, if it be entirely darkened by the Moon's Inter- 
pofition^ 

2. It 
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%:fn>ytbtri 1. It ig but very feldom, that there happens a total 
ma]%(hpftt ^^^*P^ ^^ ^^ Sun, becaufe the apparent Diameter of 
eftbiSun. the Moon is very feldom bigger than the apparent 
Diameter of the Sun, but is commonly fomewhat 
lefs. 
3. rbat dif- 3. Becaufe the Earth is of a confiderableBignefe, com- 
firent Parts pared With the fmall Diftance that the Moon is from it^ 
dJnUke^tbe ^^ ^^Y happ^^j that the Moon may pafs betwixt the Sun 
SunequaUy and fome particular Countries, and not pafs betwixt the 
«fj7>/«^ at Sun and fome other Countries at all ; whence it follows, 
*inm!r ^'^^^ ^^^^ refpeft to fome People the Sun may be ve- 
ry much eclipfed, and not at au eclipfed with refpeA to 
others. 

A^rbattbers 4' ^^ *^ evident, that there can be no Eclipfe of the . 
can hi an E. Sun J but whcn the Moon is New, or in Conjunftion 
£i^fitftbe ^ith the Sun, and riot then, unlefs the Moon in it3 
M^'o^ Motion from Weft to Eaft be exaaiy in the Ecliptick ; 
and that U9t but becaufc the Circle which it deicribes, is at fome 
ahpaju Diftance from the Ecliptick, there are a great manyCon- 
^ junftions without any Eclipfc at all, nor indeed can there 

be any but when tht Moon is near the Dragon's Head 
or Tail. 
S»7baetb€ 5' The Motion of the Moon from Weft to Eaft be- 
Darknefs ing Very quick, it gets from under the Sun in a very • 
^TlEUU fliort Time when it is eclipfed, fo that it is eclipfed but 
of[bt Sun! ^ J'^l^ while ; and when the Eclipfe is total, the Dark- 
continutibut nefe can continue but a few Minutes, becaufe we fhall 
ajborttime. jninicdiately have fome Light from that Part of the Sun 

which begins to be uncovered. 

6. Wbat an 6. It may happen, that when the Moon is in Oppo-« 

Mciipfeoftbefi^ion to the Sun, it may be in the Dragon's Head, or 

" "• Tail, or very near one of them ; and if it is fo, it ought 

not to be fecn at all, ( i) becaufe the Earth fhades it, and 

hinders the Sun's Light from falling upon it, which is 

that which makes it vifible. This Deficiency of Light, 

or this Shade in which the Moon is, is called an Eclipfe 

of the Moon^ wliich i$ partial and not tatal^ if the Moon 

be fo far diftant from the Nodes, that it is not intirely 

immerfed in the Earth's Shadow. 

{i) Becaufe the Bartb /bade: it, 8cc,) the Shidow of the Earth, but by 

Tacquet tn bis AJlnonomy, Book IV. that of ihc Earth^s Atmofphere on- 

Cbap.iu Numb. if. hasdemonnra- ly 5 which , was ohferved, though not 

t«l, that the Shadow of the Earth fo exadly *demonflrated by Kt^Ur 



never reaches fo far as the Moon, fo and Ricciluu 
that the Mo^n is daxkucd not b^ 



7. When 
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7. When at the Time of the Oppofition, the Moon 7**^jr/iw» 
is at a Diftance from its Nodes; becaufe it has then SL^J^r^^ 
s)od deal of Latitude, it does not enter at all into the ttt Mom gt 
Earth's Shadpw, and hence it is, that there is not always T'f^ ^ff^ 
an Eclipfe every full Moon. 

8. When the Moon enters in, or comes out of the 8. nat tb* 
Shadow of the Earth, that Part which is eclipfed always ^^f^y. 
aj^ears in the Form of a Circle 5 and becaufe Obferva- ro»«/^ 
tions have been made of a great Number of Eclipfes, in 
vhich the Moon is entered in, and come out of the 
JShadows in all Parts of it, and the Appearance hath been 
always the (ame, it follows, that the Shadow of the 
Earth is round. 

9. And becaufe thefc Obfervations have been rtiade 9; 7**/ tht 
when the Moon hath been oppofite to difierent Parts of/,'^J';^ 
the Earth ; this is a Confirmation of what was before ry w^. 
afferted, wz. that the Earth is round every Way. 

10. When the Moon paffes through the Middle of »o;7^«"^ 
the Shadow, it continues eclipfed for a confiderable^'^JJ^^^ 
Time, w'z. Two or three Hours, which (hews that the Ufithamhttt 
Diameter of the Moon is^ much lefs than that of the */'^ ^^- 
Earth's Shadow. ^j;!/ '^ 

n. Further, when there is an Eclipfe of the Moon, ii*7battbt 
the nearer the Moon is to the Earth, the longer the ^^^^ 
EcKpfe continues ; whence we colleft, that the Shadow dimhiLi 
is larger nearer the Earth than at a further Diftance, Hkg a Coat, 
h that it diminiflies in proportion to its Diitance like 
a Cone. 

12. Becaufe the Moon is lefs than the Shadow of the tx.ihMttbg 
Earth, and this Shadow decreafes like a Cone, it fol-- ^jlj'^ 
lows, that the Moon is lefs than the Earth, ^ Eanb, 

13. And becaufe the Shadow of the Earth could not M-T'^^"** 
decreafe in this manner, if the Body which enlightens it tbantb^^ 
were not bigger than it felf 5 therefore we conclude, that Eanh. 

^he Sun is bigger than the Earth. 

14. Becaufe that Part of the Moon which enters into 14- ^bat ^U 
ihe Shadow reaUy lofts its Light, all thofe People to ^^'^^-f'^^ 
whom the Moon h vifible, when it begins to be eclip- ib$ M009 
fed, muft fee it at the fame Time, and take notice oi^^W^ f 
the Gap that it makes upon the round Face of the Moon ; J^^' £^' 
fo that if all Nations had any particular Thing in view, rim. 
and agreed to do. it at the fame Moment of Time ; fup- 
pofe It were to find exacftly what it is a Clocks or anjr 
«ther Thing, the Beginning of an Eclipfe of the Moon 
would fervc for a Signal 

* Vo L. a c ^5' If 
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e^'h^'^f^ 15. If different People^ who at the fame Moment OJ 

snywePi^e Time had obferved fep'aratefy what a Clock it was at the 

oftbeEartbkytxzWhots whcte they wcrc, afterwards contiiiunr- 

u Eaft of cated their Obfervations to each other, or gave theiti 

all to one Perfon ; it is eafy to colleft, that all they Tvho 

obferved it to be the fame Hour at the fame Monnent 

of Time, live on the Earth under the fame Meridian ; 

and becaufe it is fooner Noon-day the more Eaft any 

, Place is, we are therefore affured, that if it is fooner 

Noon-day in one Place, than in another, that Place is 

Eaft of the other ; and becaufe the diurnal Motion of 

the Sun is fifteen Degrees in an Hoiir, we from hence 

conclude, that one Place is^ fo many fifteen Degrees Eaft 

of another, as it is Hours fooner than the other. 

16. The Number oi Degrees that one Place of the 
Tlarth is more Eaft than another, is called the Difference 
of Longitude ; and as the Knowledge of this is of very 
great Importance, it is worth while to illuftrate it by an 
Example. Suppofe, That at the Beginning of an Eclipfe 
of theJMoon, it were by Obfervatiun, Eleven Hours and 
Thirty-four Minutes after Noon ; and that we had 
Notice from the Ifland of Fer (one of the Canary Ifles) 
that it was Ten Hours after Noon there at the fame 
Moment of Time ; the Difference of thefe two Obfer- 
vations, Is an Hour and Thirty-four Minutes, which 
fliews, that the Difference of Longitude, betwixt thefe 
Places, is Twenty-three Degrees, and thirty Minutes : 
Wherefore if we fuppofe tlie firft Meridian to pafs thro' 
the Ifland of /Vr, this Difference fliews us the true Lon- 
gitude of Paris, 

17. Becaufe Eclipfcs of the Moon happen but feldom, 
and the Air is not always clear when they do happen ; 
it is therefore but feldom that the Longitude can be ob- 
ferved from them. 

18. The Lonsiitude and Latitdde of the fevera] Place 



•*i6. OftU 

Longitude 
upon the 
iartb. 



jy.Tiat it 
is difficult 
to find the 
Longitude* 



18. 'The 

Foundation ^^qj^ xhQ Earth l)eing known, their Situation upon tl 
^ eogrx. Qj^jjg jg thereby determined ; fo that the Rules upo 
which this Knowledge is built, are the princij>al Founda- 
tions upon which tlie Whole of Geography depends. 

19. The 19. Navigation, or the Art of Sailing, confiftin 
tounJatien chiefly in determining exaftly from Time to Time, tl 
%' / fl// . ^'^^ where we are upon the Sea (which cannot be a 

curately done but by the Longitude and Latitude) tb 
Method of finding out both thefe, is the principal Foun« 
dation of Navigation. 
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CHAP. XII. 

ty the true Bignefs of the Earthy Moon^ and Suni 
and qf their Diftance from each other ^ 

TI^^H A T was juft now faid, being throughly under- i,d Method 
*^ flood, it affords us an cafy Method of finding 5^"^"? 
how much the Circumference of the Earth, and how^^^c^^w- 
much its Diameter is, how far the Moon is diftant'fromy*«»f«o/**i 
it, the Bignefs of the Moon compared with the Earth, ^^'''^ "• 
the Diftance betwixt the Earth and the Sun, and how 
much the Sun's Diameter is. To determine then the 
Circumference of the Earthy we need only to take two 
Towns of the fame Longitude, that is, which are under 
the fame Meridian, and to obferve the Difference of * 
their Latitude, that is, the Number of Degrees and Mi- 
nutes^ counted upon the Earth's Meridian, contained 
between the tw6 Towns, for this is the Difference ; 
after which, if, we know how many Leagues there are 
betwixt one Town and the other, it is eafy to find how 
many Leagues there are in a Degree, whence it is eafy 
to compute how many Leagues" there are in three hun- 
dred and fixty Degrees upon the Earth* 

2. For Example, Suppofe Peiris and Amiens were the «• ^« ^*t 
two Towns fixed upon; they have both the fame Lon- ^'^'^'*' 
gitude, becaufe they are under the fame Meridian : Fur- 
ther, the Latitude of Farts is Forty-Eight Degrees and 
fifty-five Seconds J and the Latitude of Amiens is forty- 

nine Degrees and fifty*fiv£ Seconds y and therefore the 
Arch of the Meridian contained betwixt Paris 2ind' Amiens 
is one Degree. But it is reckoned to be twenty-eight 
Leagues from Paris to Amiens, or more truly, twenty- 
five Leagues, allowing the three Leagues for the wind- 
ing of the Road, and then a Degree upon the Meridian 
of the Earth will be twenty-five Leagues, and confe- 
quently three hundred and fixty Degrees, which is the 
whole Circumference of the Earth, will be nine thou- 
fand Leagues. 

3. Now the Circumference of any Circle is to its 3. of the 
Diameter, as twenty-two to feven ; the Circumference Earth's Se- 
of the Earth therefore being nine thousand Leagued, «'-^'^«'"'-* 
its Diameter muft be about two thoufand eight hun- 
dred and fixty*thjte j whence it follows, that the Di- 

V L II. C 2 ftance 
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fbnce from the Circumference to the Center of the Earth, 
is very nearly one thoufand four hundred and thirty-one 
Leagues. 
4^,How to 4, In ordcr'to find out the Diftance betwixt the Cen- 
■f^a^*^'^' ter .gf the Earth and the Moon, we nauft fuppofe k$ 
ttoixi the Motion to he .eftabJilhgd with fudb geo;ne$rical ExaA- 
Earth, and j^efs, that its Place in the Zodiack imy he known for 
^iHd^bal any Day ; and alfo its Altitude above the Rational Ho- 
tkeP^aOax rizsHy the P^lane of w^hiph we imagine to pa& through 
"• the Center of the Earth : After this, we muft obferve 

in the Pl^ce where we aiie, the Altitude of d)e Moon 
above the fenfibU Horizon^ which we fuppofe to be pa- 
;railel to the rational Horizon 5 then the Di^rence be- 
twixt thefe two Altitudes, is equal to the Angle con- 
tained between two vifual Rays, or two ftreight Lines, 
going fiTom the Center of the Earth, and the Place 
where we are, and meeting in the Center of the Moon ; 
now this Angle (which is csdled the Parallax) being given, 
it is eafy by Calculation, to find the Diftance betwixt 
the Center of the Earth and the Moon. 
5. An Ex* 5. This will be better undei-ftood by the following 
ampu. Figure, where the fmall Ciitle reprefents the Earth, 

?Sk* ^"* ^^^ ^^^^^ *® ^ > A is the Bace of the Obfervator's 
foot, CDE the rational Horizon^ and the Line FG 
teprefents the common or fenfthle Horizon^ on the Plane 
whereof ftands the Obfervator, being praljel to the rati- 
onal Horizon ; the great Circle is the Meridian, in which 
the Moon is in the Place 3 ; its Altitude above the ra- 
tional Horizon is the Angle B D£, and its Altitude 
above the Surfece F G is the Angle B A G j the Dif- 
ference betwixt thefe two Angles, is the Angle A B D, 
which is called the Parallax^ {i) which being known, 
we can find the Line DB, whidi is the Diftance from ; 
the Center of the Earth to the Moon ; as alfo the Line 
AB, which is the Diftance of the Obfervator from the 
Moon : After this, by meafuring the Angle under which 
th& Moon appears, that is the Angle contained betwixt 
I the Rays which come from the extreme Parts of the 

Moon, which is called its apparent Diameter^ we can 
find alfo its true Diameter, 

(i) Which being kncnvrr, &c.) For the Angle B, with one of tEc Sid«« 

Tab. Xlf ^^^ Ang'e BAD (wh ch AD beijig given, the Sides AB tnd 

pjg/ j^ * exceeds the Angle BAG DB are fcund by the coqnmon Rules 

_ ** • by ninety Degrees) and oi Trigoncmetry, 

6. Bj 



C6ap. <2« ^Natural Philosophy. ^ 

6. By exa6l Calculation upon thefe Obfervations, we fi-H«» «w* 
find that the greateft Diftance of the Center of the JJ^,^X* 
Earth from the Moon is (i) foiAeWhat more than fixty- Earth and 
fix Semi-diameters of the Earth, and its leaft Diftance a- '^^f***//* 
bout fifty-one> and tHat the Mbbh^s ft^ue LHametir is Ja^a^T/* ' 
pretty near a fourth Part of that of the Earth, whence empand 
we conclude, thit the Earth is about forty-five T^imes as'^]^ '^ 
big as the Moon. 

7. The farther any Star is diflant from the Earth, 7-«^«''*« 
the higher it is above the HmTion, the lefs- is it^Sf^^/ 

* Parallax ; that of the Sun is not feeble, uhlefs vi'hcnfrimthtSun 
it is in the Horizon^ that is, iri the Circle which t^-^j.*«'^*«^' 
minates our Sight : And when the Sun is^ in \i\i€ Hm- ^!^^j^fj^r^ 
z«», it is very difficult to find its Parallax, Upon thei#. 
moft exaft Calculation, its gr^teft Diftance from the *. ^J'* 
Earth is found* to be (2) about fifteen hundred aiid fifty ^jBDuf9 
Semi-diameters x>f the Earthy and its le^ft Diftahce about mr^^/i/i, «/ 
fourteen hundred and forty-fix Senii-diameters. T']:^^ is rviJentja^ 
Diameter, of the Sun is alfo found to be about fifteen '^"^^^i ^j^ 
Semi-diameters of the Earth ; whence it follows, that Fiiaru 
the Sun is about four hundred and thirty-four times as 
big as the Earth, 



(i) Somevfbat mon than, &c>) 
Aftrooomen are pretty weJl agreed 
aboQt the Moon*8 Diftance from the 
Etttk : ItB mean Diftance, is, ao* 
tariiDgtoTych^, fifty- fix Semi-dia* 
meters and ahaJf of the Earth, ac< 
cording to Coptmicas, Sixty knd one 
Thiid, and according to moft others, 

(2) About ffuen hundred and fifty ^ 
ftc*) As it is very difficult and trou- 
bldame to find the' Son's Parallax^ 
k its Diftance froiB the Earth is not 
fo weU agreed upon. The Sun*8 



mean Diftance it by ibme rcckon'd 
749 Diameters of the Earth, by 
others i oooo or izooo, but by the 
ezadeft Obfervations of the iateft 
AftroiiQiners^ bat 5000 \ andlts trufr 
Diameter to the Diameter of the 
Earth, as loooo to zo8* Whence 
it follows, that the SuD is many 
Thotrfand times bigger than the 
Earth. 

According to the beft Aftrono* 
mers, the true Bignefs of the Pla- 
nets and their Diftance from t,be Sun 
we as follows : 



TheDia- 
netcr of 



The Son is 
Satarn 
Jupiter 
ilars 

The Earth 
The Moon 
Venus 
Mercury 




Miles 



Saturn*s 

Jupiter*s 

Mars^s 

The Earth's 

Venus'p 

Mercury's 



513540000 
mean *) 2805820001 
'Diftance ) 8 2242000 C yM^ 
'from the S 54000000/ 
Sun is / 39096000' 
20951000 



Concerning the Diftaiice of the fixed Surs. See tU Notet on Chap* xxr* 



cj 



CHAP. 



38 RO H4UL^*i SysTZix Part II. 

CHAP. XIIL 

. Of the Phenomena of Mercury and Venus. 

j.Hofoto *TpHE Planet Mercury is very fmall, and they onljr 
know Mer. X ^hQ find it Qut by the Rules of Aftronomy, can 

^^* know it and diftinguifli it from the fixed Stars ; it is fb 

bright, as to be ^fily t^ken for a fixed Star. 
a. How to 2. Next to the Sun and Moon, the Planet Venus is 
fcwwVcnus. the moft remarkable, becaufe it appears fo krge ; all 
Country-men alnioft, know it by the Name of the Shep- 
herd^ s-Star. 

3. Of tb€ 3. By comparing Mercury and Venm with the fixed 
apparent g^™ according to Hipparchus's Method, in order to 
Mercuiy know what the rolition of their Orbits is, with regard 
and Vcnui. to the Ecliptick ; we find, that each of thefe Planets 

moves from Weft to Eaft in Circles, which cut the 
Ecliptick in two oppofite Points, and deviate from it 
to a determinate Diftance, viz. that of Mercury^ fix 
Degrees and fixteen Minutes^ and that of VenuSy three 
Degrees and thirty Minutes. 

4. Of tbs 4" M^T^cury and Venusy take up about a Year in mov- 
ferioduai' ing round their Orbits \ and though they fecm fome- 
ihmet of times to move fafter, they fpcoijipenfe it by moving 
fitjvtnvit, flower at other Times, without obferving any Rule ; 

yet however, they perform their Revolutions in fuch a 

manner, as always to pafs through their Orbits in a 

Year ; fo that we may affirm in general, that they make 

one Revolution every Year. 

$* Of the 5. Mercury and Venus appnear always very near the 

Wwcur" *"^ "^"^ *• ^^^^^n ^s never above twenty-eight Degrees^ and 

fB"vcnas Venus never above forty-eight Degrees diftant either to 

from the the Eaft or Weft. 

iT^ndbom ^' When Mercury zxiA Ventis are the moft Eaft that 

long lime they Can be, of the Sun ; that is, when Mercury is 

t^ejf are in twcnty-cight Degrees, and Venus forty-eight Eaft of it ; 

n^fiulj. ^^ obferve^ that they then move flowly towards the 

tances. Weft, till they are got as far Weft of the Sun as they 

were before Eaft of it : After this, they feem to return 

back again to the Eaft, and overtake the Sun, till they 

a!ie got as much Eaft of it, as they were at. firft ; this 

is performed by Mercury in fix Months, and by Venus 

jp nineteen Months. 

7. Mercury 
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7* Mercury and Ventfs are fometimes hid by the In- 7- '^r^af 
terpofition of ^he Moonj and thefe Planets are fome- JJ^^^JJ^g 
times ktvi to pafs betWixt the Sun and us. appear fome. 

times he- 
tiveen the 
Sutt and ui» 



CHAP. XIV. 

* ■ 

CmjeSlures for explaining the PhcBnomena of 

Mercury and Venus. 

PTOLEMY thought that Mercury and Venus had t. Of tbt 
each of them a Heaven belonging to them, and 2J^'*L,, 
thefe he placed between the Moon and the Sun ; and Mercary 
he imagined Mercurfs Heaven to be neareft the Earth, <»«<' Venui. 
and Venush to be further of. 

2. He imagined alfo, that the Heavens of Mercury »• V ^^ 
and Fenus, befides that Motion which is common to all j^'/^™ "'' 
the Heavens from Eaft to Weft, had a particular Mo- aad Veoos. 
tion of their own, by which they were carried from 

Weft to Eaft with their Epicycles, in the Circumference 
of which thefe Stars .were placed, the upper Part whereof 
moved from Weft to Eaft, and the lower Part from Eaft 
to Weft. 

3. Further, he imagined, that the Epicycles of Mer- 3* ^f tbt 
cury and Venus^ were carried about by their proper ^^^^'J^ 
Heavens in one Year's Time, and had their Centers c/*j. 
continually almoft under the fame Point of the Zodiack 

a^ the 3un. 

4. Laftly, he fuppofed the Epicycle of Mercury to 4. TA? Big. 
be about fifty-fix Degrees in its apparent piameter, and "^' ^ '**" 
that it revolved about its Center in fix Months ; That Diamtert 
the Epicycle of Venus was ninety-fix Degrees in DiZ" of the LpL 
meter, and that it revolved about its Center in nineteen 2If'*' ^ 

'n/r L Mercary 

JVlontnS. and Venus. 

5. It is not worth while to be particular in fliewing ^fnyMer- 
how all the forementioned Phenomena may be folved o^yandVt. 
upon thefe- Hypothefes, the Thing is too evident to in- ""^Vi^/A 
fift upon : It is fufficient to obferve only that the Cen- tanu ««> 
ters of their Epicycles being always very nearly under ffOfntbe6uM% 
the Sun, this is the Rcafon why Mercury and Venus 

never go beyond a certain Diftance from it, and becaufe 
the Time in which thefe Epicycles revolve about their 
Center, is not commenfurable with the Time of the Sun's 

C 4 Revolution 
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Revolution in the Ecliptick ; therefore the Duration of 
the apparent Revolutions of Mercury and Venus in the 
Zodiack is very unequal. 

6. Later Aftronomers have obferved, that when Venus 
begins to moye from the Sun to the Eaft, and is but at 
z^ fittlc Diftance from it, Ihe appears very laj^ ; where- 
as when {he is at the fame Diftance, in moving towards 
the Sun, fhe appears very fmall ; On the contrary, when 
flie begins to move from the Sun to the Weft, ftie ap- 
pears very fmall, but when fhe approaches the Sun again, 
flie appears very large. 

7. This is that Phenomenon which I mentioned be- 
fore, and which was thought inconfiftent with the Hy- 
pothefis of Copernicus^ concerning the Motions of Venus 
and Mercury : But that Difficulty is intirely removed 
firice the Invention of Telefcopes. For Galilaus^ who 
was the firft that made them long enough to look at the 
Stars with, obferved himfelf, and caufed others to ob- 
ferve, that Venus was quite round, when flie appeared 
large, and that flie was horned when flie appeared fmall ; 
whence their is no doubt, but that flie moves round the 
Sun. and borrows her Light from him* Hence alfo 
We learn, that Venus is fometimes farther diftant from 
the Earth than the Sun is, and then becaufe that Part 
of her w?iich is illuminated, is turned diredlly towards 
US) flie appears quite round, and very large : And, on 
the contrary, at other Times, flie is nearer us than the 
Sun, and then a Part only of the illuminated Half, can 
be feen by us, which makes her appear horned and very 
fmall. 

8. Thefe Phafes of Venus, have alfo been taken notice 
of fince Galilaus^s Time : But as to Mercury, our Tele- 
fcopes not being long enough, any more than thofe of 
Galilaus, we have not yet obferved what Figure he ap- 
pears of 5 but fmce very curious and credible Perfons have 
afTured us, that they have feen Mercury undergo the fame 
Changes of its Figure as Venus ; we fliall make no Diffi- 
culty to fay, that He turns about the Sun alfo, 

9. If Venus and Mercury moved in Heavens lowier 
than the Sun, as Ptolemy Affirmed ; they could never ap- 
pear quite round, becaufe they could never be far enough 
diftant from the Sun : Whence it follows, that his Hy- 
pothefis^ with Irefpeft to Mercury and Venus^ is abfolutely 
fklfe. 



CHAP. 
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CHAP. XV. 

Cf the Pbanomena of Mars, Jupiter, and Saturn. 

Jl/fyfRSj Jupiter J and Saturn^ may be diftinguiflied ,^ g^^ 
■"-* from the other Planets, becaufe they appear bigger know ifiri, 
than Mercury, but Icfs than the Sun, Moon, and Fenus : J«P»»« '^ 
Jupiter appears bigger and brighter than Mars and Sa- *'**^ 
turn : Man is of a reddifli Colom*, and Saturn of a 
pak one. 

2. By comparing thefe three Planets with the fixed ». oftJm 
Stars, we obferve^ -that they move from Weft to Eaft afpannt 
in Circles which cut the Ecliptick in Points dlreftly op- j^y/^^J 

, pofite to each other, and which make different Angles BUmHu 
with it ; Mar/s Circle declines from the Ecliptick, one 
Dtgree and fifty Minutes ; and Saturn's^ two Degrees 
2nd thirty one Minutes. 

3. Mars performs a Revolution in his Circle, in a a.^SHww 
Year and three hundred and thirty-two Days ; Jupiter, t^^ivnf*^ 
in about eleven Years, and three hundred and eighteen 
Days ; and Saturn, in about twenty-pine Years, and A 
hundred and ^'gfaty thrse Days. 

4. The apparent Motion of thefe Planets, is not at ^^ontbtf§ 
all regular; for fometimes they feem to move from p^^J^^ 
Weft to Eaft, and then they are faid to be DireSi, timuDina^ 
fometimes they appear for feveral Davs together in theJ^**'.'*" 
feme Place of the Firmament, then tney are faid to be and'^^* 
Stationary ; and at other Times they feem to go back t^^* ^«- 
to the Weft again, and then they are faid to be Retro- "^*X''«<''» 
grade ; after this they become again Stationary, and then 
DireSf. 

5. From the Time that Mars is in the Middle of 5* ^/'** 
his Retrogradation, to the next Time of his being in fb^RCro^ 
the fame State, is about two Years and forty-nine ^r«iii//«i.* 
Days : Jupiter, from the middle Time of his Retrogra- 
dation, to the middle of the next, is about one Year, 
and thirty-three Days ; and Saturn about one Year and 
thirteen Days. 

6. Whatever Inequality there be in thefe Planets in ^*^ettbtf 
the Times from one Retrogradation to the next, yet in l-art^adi* 
this they all agree ; that every one of them is always wken the * 
retrograde^ when the Earth is betwixt the Sun and it. ^^^^^ " 

tbfmand 
7. Th^tbtSun. 
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7. The Arch in the Zodiack which Man pailes thro* 
when he is retrograde^ is bigger than that which 5^«- 
piter pafles through when he is retrograde ; and the Arch 
Mrhich Jupiter paiTes through when he is retrograde^ is 
bigger than that which Saturn paiTes through when he is 
retrograde, 

8. The apparent Bignefs of thefe three Planets in- 
creafes, when they become retrograde. Mars appears 
then fix times as big as when he is direSf-y Jupiter 
about three times as big ; and Saturn almoft as big 

• * 



agam. 



9. None of thefe three Planets, were ever feen to 
pafs betwixt the Sun and the Earth j but they are 
often {o^n to pafs betwixt the Earth and the fixed 

Stars. 



CHAP. XVJ. 

ConjeElures whereby to explain the T^henomena of 
Mars, Jupiter, and Saturn. 
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P5rO£jB Afrafcribed to each of thefe Planets its 
proper Heaven, immediately beyond the Sun's Hea- 
ven, but a great deal nearer than the Firmament ; he 
fuppofed that of Mars to be neareft us, that of Ju- 
piter to be next, and that of Saturn to be the far- 
theft. 

* 2. He affirmed, that every one of thefe Heavens had 
an Epicycle belonging to it, in the Circumference of 
which the Planet was fixed j that the Epicycle of Mars 
appeared larger than that of Jupiter^ and the Epicycle of 
Jupiter lai^er than that of Saturn. 

3. Befides the diurnal Motion of thefe Heavens from 
Eaft to Weft, they have a proper Motion of their own 
from Weft to Eaft; by which their Epicycles are car- 
ried along through all Parts of the Zodiack, thro' which 
we faid thefe Planets did pafs, and their Revolutions 
are compleated in the Times (before-mentioned when 
we were fpeaking of their Phanomena) which thefe Pla- 
nets take up in defcribing an entire Circle under the fixed 
Stars. 

6. Whilft 
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4. Whilft thefe Epicycles are carried along in this man- 4* 0/ tbt 
ner by thofe Heavens which contain them, they alfo fi,ll'J^^^ 
turn about their own Centers, and carry every one its cycia. 
Planet along with it, from Weft to Eaft in its upper 

Part, and, from Eaft to Weft in its lower Part ; and. the 
Times of thfe entire Revolutions of thefe feveral Epicy- 
cles, are thofe before-mentioned, between the middle of 
each Retrogradationy and the Middle of the following 
one. 

5. It is evident, that thefe Hypothefes will not only 5« Thattbefi 
^cplain the apparent Motion which we obferve in thefe ^p}^^"^^ 
Planets, by whicti they feem to turn about the Earth in Direaiont, 
Twenty-four Hours ; but alfo their Motion from Weft Stathns^nd 
to Eaft beneath the fixed Stars j under which each Planet nol^g^of 
ought to appear. Firft, To advance very fenfibly to- Mars, Ju- 
wards the Eaft, or to be direSf^ when it is in the upper P^*''* '^^ 
Part of its Epicycle ; becaufe its Motion is then com- 
pounded of that with which it moves in its Epicycle, and 

of that with which the Epicycle it felf moves in its 
Heaven alfo. Secondly, Each Planet ought to appear 
rttrogradey when it is in the lower Part of its Epicycle ; 
becaufe the Motion about the Center of it, carries it fur* 
ther towards the Weft, than the Motion of the Heaven 
in "which the Epicycle is carried, does towards the Eaft, 
Laftly, Each Planet ought to appear Stationary when it 
is in either Extreme of the lower Half of the Epicycle, 
becaufe then, in turning about its Epicycle, it advances 
neither more nor lefs towards the Weft, than it is car- 
ried towards the Eaft by the Motion of its Heaven. 

6. The Retrogradation of Mars ought to take up a f;^'^-^^ 
larger Arch of the Zodiack than that of yo^/V^r, becaufe ^J',^^^^^^ 
Mars^s Epicycle is fuppofed to be larger than yupiter^s ; ^orc Retro* 
and for the like Reafon, Jupiter's Retrogradation ought f ^^^^j;^j. 
to take up a larger Part of a Circle than Saturn's, ter, andju" 

7. When a Planet is retrograde, it ought to appear p«er more 
bi^er than when it is direft, becaufe it is then nearer to ^^.''^^J^' 
us, being in the lower Part of its Epicycle. Phfiets ap- 

8. The apparent Bignefs of Mars ought to increafe P'^^ ^^ii^ 
miore fenfibly than that of Jupiter or that of Saturn^ be- '^r/r/trZ- 
caufe Mars being nearer to us, his Approach towards the grade. 
Earth, ( which is the whole Length of the Diameter of f * ^^^/*' 
his Epicycle,) is confiderably more in proportion to his ^BJgneft of 
Diftance, than the Approach of either of the other : For Mars in- 
the fame Reafon, the apparent Bignefs of Jupiter ought ^^^iVi^Tl/ 
more fenfibly to alter than tjiat of Saturn, Jupiter* 

9, The 
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9^ The Heavens belcVnguig to thefe three PIafftit& 
ing placed beyond the Heaven belonging to the Sun ; 
is impoiShle that they (hould ever pafs betwixt the ~ 
and the Earth ^ but they may very often hide fome 
the fixed Stars, becaufe they are fuppofed to be belo^ 
the Firmament. 

10. Galilausj by making ufe of Telefcopes, firft 0I 
ferved thofe four fmall Stars, which I mentioned befoj 
which always accompany Jupiterj about whom tl 
move both Ways, fometimes to thfe Eaft, and fometimi 
to the Weil, at unequal Diilances. Thefe he nain< 
the Medic aan Stars ^ but they ate now ^called the Said 
lites or Guards of Jupiter. 

11. Galilaus alu) observed, that Saturn was ioum 
to alter his Figure, He fometimes appearing round, aru 
at other Times oval ; but we having made ufe of lonj 
Telefcopes than his, have cA>kx\^A Safutn to 
fucceilively under thofe Figures which are * here' rfepre-^ 
fented. 

12. We alfo obferve (i) a fmall- Star, which feems to 
defcribe an oval Figure about 5tff«r», thcf longer Dia-^ 
meter of ^hich is on that Side where Saturn appears 
bngef^. 

13. As to the fmall Stars which accompany Jupiter^ 
Galilaus was of Opinion, that they turned about this 
Planet, and defcribed Circles which are all in the fame 
Plane j which Plane continued, would pafs through the 
Center of ths Earth. Mr. Cajftni^ Profeflbr at Bolmgne^ 
found by very exaft Obfervations, that the firfl of thefe 
four Stars was diftant from Jupiter on eidier Side; five 
Semi-diameters of this Planet, and his Periodical RcvcJu- 
tion one Day, eighteen Hours, and Tweht)r-eight Mi- 
nutes : That the Second, whidi is a little bi^r, was di- 
ftant on either Side, eight Semi->diameters, and his Peri- 
odical Revolution, three Days , thirteen Hours, and 
eighteen Minutes : That the Third, which is the biggeft 
of them all, vras diilant on either Side, thirteen Semi-dla- 



(1) A Small Star, Sec.) Nay there 
are Five, as was faid befo^e, wb'ch 
C^Jtni and Hugeniut have obferVed 
to revolve aboat Satttm ; the Peri- 
cdical Terms of which are thefe. 
The Firft or innemioft, i Day, 11 
Honn^ 18', 31^'; The Second, s 
Days, 17 Hours, 4»S *?'' 5 The 
Third, 4 Days, 13 Hoars, 47', 
x6"s The Foorth^ 15 Days, 22 



Hoars, 41', ii'"} The Fifth, 7^ 
Dsys, 7 Hours, 53', 57*'. The 
Diftance from the Center of Sahtm 
in Diameters of the Rin^, Of the 
Firft, is almoft i $ of the Second 
1 1 ; of the Third, x| ; of the 

Fourth 4 s of the Fifth, ii* See 
Hugeniui^t Plamtary fPwldi i» M'tg^ 

meters^ 
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ers, and his Periodical Revolution, fcven Days, three 
!ours, and Fifty-feven Minutes. Laftlv, That fhe 
Wirtb? 'wrhich is the leaft of all, was dirant on each 
Twenty-three Semi-diameters, and his Periodical 
devolution ii^^teea Days , eighteen Hours, and nine 
^ifinutes. 

14. Wecajnnot conceive how thefe four fmall Stars i4' 5*^ 
tm move in tMs manner about Jupiter ^ and contmue ^2^**^^'^*' 
Acir Motion, unlefs they be (i) carried by a fmall Vor- ^w«C#«r«f« 
tex t$ Matter which furrounds Jupiter. But becaufe it 

Wopld from hence follow, that Jupiter alfo ought to 
turn about his own Center, we mould perhaps have 
had fome Doubt about this, notwithftanding it feems fo 
agreeable to Reafon, if we had not been lately convin- 
ced of the Truth of it, by an excellent Obfervation 
made hy Cafftm, He was the firft that took notice of 
it, and w^ the Occalion of others taking notice after- 
wards of a certain Spot upon the Body of Jupiter^ 
which beginning to appear on one Side of this Planet, 
afterwards appeared towards the Center, and then on 
the other Side : After this it withdrew for fome Time 
quite out of Sight, and then began to appear again on 
the£une Side where it was firft feen ; The Time which 
this Spot, aiid confequehtly Jupiter it felf, takes up in 
compleating one Revolution, is about the Space of nine 
Hours. 

15. There hath been the like Spot feen alfo upon 15. That 
the Body of Mars^ which proves, that this Planet alfo ***" "^fi 
turns about its Center, in about the Space of Twenty- ,v, ow« ^* 

four Hours. Center, 

16. GaUl^us was futprized at the alterations of the ;^* acm^ 
Figure of Saturn without being able to find out the ^if^^^J^ 
Caufe; and fo have a great many Philofophers hccnj the different 
who have in vain perplexed themfelves about it. But Appearand 
not long fince, Mr. Hugens^ a Dutch Gentleman, has JJ,y^ 
very luckily thought of an Explication of this Phaeno- 
nienon, by fuppofing that Saturn is a fpherical Body fur- 
rounded at a cprtaiA Diftaofe, by a Ring which is very 

thin (2) but of a confiderable Breadth, the Plane of which 
P^ifles through the Center of Saturn y and he fuppofes 

(l) Carried iy a Jma/i VortefC, to the Eclipt'ck, that about the Signs 

*c.) See tbe Notes on Cbap* xvf^ of 4rie9 and Libra, the &iog can 

^t, 2a. of this Part, fcarce be feen at all 5 but about th« 

(a) Bvt of a confderabk Breadth^ Sign* of Cancer and Capricorn, it 

^) To whick we may add $ Jthat «f oeajs like two broftd Huidks. 
(be Fia&e of Oie iUas Is ib ipicliaed 

this 
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this Ring, as ^well as Saturn it felf, to be illuminated 
by the Sun. 

17. l^his being fuppofed, he fhews that Saturn ought 
to appear round, as it is reprefented in A, when his Si- 
tuation isfuch, that if the Plane of his Ring be con^ 
tinued, it would pafs through the Earth ; becaufe the 
Thicknefs of this Ring is only turned towards us then, 
which Thicknefs cannot be perceived ; but when the 
Ring is in any other Situation, fo that tlie Plane of it 
Is vifible to us, than it ought to appear to us of an 
Oval Figure, fuch as B, C, or D, which muft be fo 
much the bigger, as our Eye is elevated above the Plane 
of it. 

18. As to the little Star which accompanies Saturn, he 
fuppofes that to move in the t^laijie of this Ring, and that 
it compleats its Revolution about this Planet, in the 
Space of fixteen Days or thereabouts. 

19. All the feveral Parts of the World, which we have 
hitherto treated of, put together, and difpofed in the Or- 
der in which we have mentioned them, will compofe 
the following Figure, which reprefents the whole World, 
according to the Hypothefis of Ptolemy, 



vb tS? c99 CX? (K* fXf ^Sf sB* *S! cSf* ^X* iW.* iS* ^D ^x! C2? ^B c9? cZ? vB cB? 

I 

The ■ Second Part of Cofmography : 

OR, 

An Explication of the Phaenomena , upon 
Suppofition that the Earth turns about 
its own Center in twenty-four Hours. 

CHAP. XVIL 

ji Caution about the Poles and the Circles. 



pi^'^f^b TJPO^ Suppofition, that the Earth turns about its 

Eartb{ ' ^ ^wn Axis in twenty-four Hours, (by which the 

apparent Motion of the Heavens is explained,) the two 

Points of its Superficies which turn about their own felves 

only, are the tru^ PoUf 5 and the Circles which every other 

Point 
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Point of Its Superficies defcribes, are the Circles of Lon- 
gitude upon the Earthy the largeft of which Circles is 
the ^errejirlat Equator^ or the EquinoSiial Line. 

2. So likewife the two Points in the Heavens, which *• V '*« 
are direftly againft the two Poles of the Earth, and^^/7il^^ 
which feem never to move, whilf): all the reft feem to iiMvesf« 
turn about, thefe are the apparent Poles of the Heavens ;. 
and the Circle, which we imagine to be direftly againft 
the Earth's Equator, is the apparent Equator rf the 
Heavens, 

3. When we would defcribe the Horizon of any par- |: ?^ '^ 
ticular Place upon the Earth^s Superficies, we imagine, 

alike in both Hypothefes, that this Horizon is ninety 
Degrees diftant every Way from the Place, and the 
Horizon which we im^ine in the Heavens neceflarily 
pailes through all thofe Points, which are dire£Uy againft 
the Earth's Horizon -y now upon Suppolition that the 
Earth moves, thefe Places in the Heavens are the fame 
as if the Motion were really in the Heavens ; therefore 
it follows, that upon either Hypothefis, the Horizon is 
always the fame. 

4. The Circles of Latitude^ and the Meridians upon the 4- Vf^ 
Earth are always the fame : For fince the Meridians in ffj"^^** 
the Heavens, are always fuppofad to be in thofe Places Ejwt9r% 
which "are direftly againft the Earth's Meridians^ and 
that thefe Places are always the fame upon either Hy- 
pothefis ; it follows, that the 4^i?r/V/<7W in the Heavens, 
ought to be the fame here, as thofe before defcribed, 
when we allowed the Hypothefis of the diurnal Motion 
of the Heavens. 

************************* 

CHAP. XVIII. 

An Explication of the Suri^s Phenomena. 

■pIRST. Though we conceive the Diftance from ,^9^^^^ 
^ hence to the Sun to be very great ; yet the Diftance Supj^jitio»% 
from hence to the Firmament (i) is ftill vaftly greater. 
We may indeed conceive it as great as we pleafe, be- 
caufe there has not yet been any Method foimd out of 
determining it 

(i) Isfiiivaftlfgnatir, &c.) Sec tbe N^tes en Cbap, xx?. ^^'» 3» »/ 
tki Party 

2. Se^ 
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%.rbtfi' 2. Secondly, We muft fiippofe, that (i) the celeftial 
^Jj^' Matter which furraunds the Sun, and which diffiifes it 
•'*'** felf all Ways to a Diftance much lefs than that where 
the fixed Stars are, bat much greater than that where -we 
are ; turns from Weft to Eaft about the Sun, and car- 
ries the Earth along with it in fuch a manner, as 
without hiiiclring its Revolution about its own Center in 
Twenty-four {fours', to move very nearly parallel to it 
felf, and to defcribe about the Suit every Year, a Circle 
fomewhat excentrick ; to the Plane of which its Axis is 
. inclined Twenty-three Degrees and a half. 
3. jHy the 3. Upon this Hypothefis, it is evident, Firft, That 
Heavens, thp Sun as Well as the whole vifible Heavens, ought to 
/rZVoTfo ^^ ^° defcribe evpry pay, from Eaft to Weft, a Cir- 
0^eft. de parallel to the Equator.^ 

j^ ^^ 4. Secondly. Becaufe the Earth goes about the Sun 
Sun appears froin Weft to Eaft, the Sun muft neceflarily feem to move 
to mwejrtm ffojn Weft to Eaft in the Firmament, in which it would 
^tbeE' ^PP^^ ^^ defcribe a Circle, which would indeed be th^ 
€liptick, feme as the Equator, if the Axis of the Earth were per- 
pendicular to the Plane of its annual Circle, but muft 
now differ from it, and interfeft it at an Angle of 
Twenty-three Degrees and a Half, which is its Diftance 
from it, by reafon the Axis of the Earth has thus much 
Inclination to it§ Plane. 

5. Tia/ all 5« Having fticwn how the Sun ought to appear, to turn 
the other about the Earth from Eaft to Weft every Day, and to 
^nte^n ^^fcribe Circles parallel to the Equator ; and further, that 
depend upon it ought aJfo to havc an apparent Motion from Weft to 
nobat we Eaft in the Ecliptick, which it feems to move through In 
m^'io^. a Year, it is eafy to fee that this will folve all the parti- 

Oijar Phaenomeiia before-mentioned j I fliall not there- 
fore fpend any further Time in explaining them. 

6. 7bat the 6. However, 1 cannot omit in this Place, two very 
apparent important Things, belonging to the Subjeft we are now 
^^b^fxed treating .of. Tiic Firft is. That tliough the Diftance be- 
Starsy anH twixt the Earth and fome of the fixed Stars, increafes or 
'^ «\^ daoini&cs in fix Months time, by the Length of the 
«i^i<vv«r "^^^^^ Diameter of the Earth's annual Circle ; yet thefe 
u alter, Stars Ought not to appear bigger at one Time than at 

another. The Second is, that though the Circle which 
the Eartji defcribes about the Sun, is very large confidered 
by it felf, and with regard to thefe Meafures which 

(1) ^heCslepil Matter, &c.) Sccri<? Notn ot C*^# zxt« Art, 21* 4 
thii Fart, . . 

we 



. 



we here make ufe of upon the Earth, yet notwitbfland'- 
ing, the apparent Pole <in the-, ^eavens ought not to 
dionge its Placed biit always rfardUghdut the whole Year, 
'to'keq|» tl)^ iaip^ Diftance from fhc Pole Star. . ♦ ..\ 

7". As to tfie fi'Ac of thefe two'; bcfides the* Proof of 7. ff^ tbt 
it from hence, that the Dianteter of the Earth's annual ^S^'"^^^ 
Circle, as large as it feems to us to be, is not at all fen- ^/tlSfxtj 
(bie, but a'mere hothihg, Compared tvith (t] tlie ii^^ Stmiiitmr 
mehfe Diftance that there b- betwixt die Earth fcrti* (ho^* '- 
Sxed Stars y befides this, I iky, there is anothef- Rta(bn . . \ 
which I think no one has hitherto taken Ncfeice bfj aiid 
that is thia ; We judge df therMagnitiideof a fixed Stki- , 
by the Bignefs of that Part of thcf Bottom of the £yc 
which is fliaken, when we look upon it : Bitit ihe Im^ 
preffion which a Stirr makes^ is fo~ fhbn^V that it fprdkls . 
over a Space a thoufand Tiihes bigger in biainfefef pAr- 
haps than the tnie Image; fi) that We (ee it (2} far b^ger 
dian it ought to be fecn. This b^ing fu^pded ; ffwe . 
iniag;ine that the Diameter of the Earth's annOal Circle^ r 

were (o large^ compared with the Diftance betWixt the 
Starry Heaven, that we were twice as near a fixed Stdr,. 
one Time of the Year, than we are at another; its tHi« 
Ims^ ^ttght to be twice as large ; but* the trembling' ot 
ftaking, if it Extends it felf to itsidiial Diflahfcc All 
round, mufl caufc the Diameter oJF the fMfe Ima^^, ty 
which we judge of the Diffance of a Star When we irfre 
nearefl it, to he greatef than the Diameter of the falfe 
Image when we are flirtheft ojfF it, by a thoufaridth'Partf * * ^ 
only of its Diameter, which is nofc at all ferifible : It . \ 
follows therefore, that the apparent Magnitude of the - 
Imag^ ought hotienfibly to increafe.' './,-/ J 

8. As td iht apparent Pdle^in ihe Heavens never al^-S fnytls 
ring, its Plaqe, that is entireJy owing to the immerife iJi- ^«»« •/ 
ftande of the fixed Stars from us, arid to thb EirthV^^'^ 
', Axis^ always keeping parallel to it felf. For -hente itjO/Mvtnt 
foHows, tlat the Alteration of tiie Pole in the ffeaVoiis, fi^ ^^ 

* being exaflHy eqtiil to the Change of the Place' 0^ the ,ug^a^(r* 

• EafthVlPrfe ; we Alteration of th^Pdein the keai^itos aUtbir^. 
' Caxmot be at aB'fcnfible, bccaufe of its great Diftance. 

: {£) mthiU hnmMft DifmiKt,) (a) far hifgtr Aan.it Mgh.) 
I S^eJFoiW o»Q^«f, zXT«.Arc. 3. jof . to <r^Fc»^ qiijip. xmi* Art. f 6« 
^ jStm Ptrt, f of the ikft Pirt. 
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CHAP. XIX. 



^ Explication of the apparent JMbtion ef the fixed 

STARS. 

fTh^atht T Am not now fpeaking of the diurnal Motion of the 
sffarwKi A fixed Stars: If the Earth turns about its own Center, 
jSi^/ri?'^^^ "**^^ neceflarily feem fo to move: The Queition 
fxidStmrt now is concerning another Sort of Motion, by which 
fMowifrom every fixed Star feems to increafe its Longitude fince 
Jt:J.7i".' Hifparcbush Time 

*0Ht itt twm 2. In order to account for this Phaenomenon, we need 
ACn ^"^y *^ fuppofe, that the Earth, in its annual Revolu- 
jeBvrtf^ tion about the Sun, does not keep an exaA Parallellfm, 
txpUinitig but that it librates a very little, fo that in a great many 
tJluH^ Thoufand Years, each of its Poles defcrlbe a fmall Cif- 
•pbtfixid ck from. Eaft to Weft. 

^'^'' 3? Upon this Suppofition, the Earth* s EqianoSfial Cif" 

Jht!dsiJl^, r/f will be applied to different Parts of the Heavens, 

^ to mcv$ and therefore the Equino£iial Circle nf thi Heavens mufl 

>^IP3g^'«3lter in .the fame manner, and cut the Ecliptick in dif- 

^' ferent Points, fucceeding each other from Eaft to Weft. 

^Now fince we r^kon the Longitude of the Stars from 

the Point of Interfedion of thefe tw;o {Circles, it muft 

neceffarily increafe a little every Century. 

4. WbftU 4. The Alteration of Longitude that happens to any 

i!2jf««/ ^^'^ ^^^ ^^ ^ * certain Number of Years, muft be 
Surt/rmm t)ie f^c in every other fixed Star \ but all the fixed 
iv^ toEafi Stars^ together may alter their Longitude more fenfibly in 
M utfufii. ^^^ ^g^ ^j^ j^^ another, if the Libration of the Earth 
. be greater in one Age than in another. 

5. ^hf^ 5. In order to explain how the Declination of the £- 
fntislh^ cl*Pt»^ ^ lefTened, as Aftronomers have from Time to 
tirk ^t Time obferved, fince the Days of Hifparcbus.', we need 
fromyimt cmiy fuppofc this, that the Libration of the Earth, hath 

- '* ''""• ^aufed its Axis to be a little more elevated above the 
Plane of the Ecliptick : And from hence it will follow, 
that the Equino(flial Circle In the Heavens muft approach 
fo^ewhat nearer to the Ecliptick in which th^ Sun 
-feems to move: There being therefore not fo mudi 
Difbnce betwixt the Ecliptick and the Equator, as |here 
was before, we imagine the former of thefe Circles to 
have come nearer to the latter. 
"^ 6. The 
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6. The Li^bntion which we here afcribe tp the Earth, ^' ^^J 'At 
makes the Poles of it alter their Places ; whence it fol- e!1!Ib{JJ^ 
lows, that they ought not always to correfpond to the not mrfwir 
lame Places in the Heaveips ; and thus late Aftronomers 'J '^' /f""' 
have obferved,. that the Polar Star is much hca»r th^ tCT^Z 
Pole now, than it was in the Days of Hipparchus. tb^t they 

7. But no Libration or other Notion whatfoever, which ^^^''Jjjjjf^* 
we fuppofe in the Earth, (i) can caufe any Alteration in ^ukratim^f 
iht Elevatim of the apparint Pole bf the Heavens abdve tbiBattb^ 
the Horizon in any particular Place, fo long as the fame ^^^ 
Points of the Superficies of the Earth, continue to be um of tk$^ 
the Poles of it. Becaufe, as the Pdes alter their Places, ^•^ 

the whole Earth is altered likewife, and confequently tfiife 
Horizon in proportion. Thus If w« fuppofe the Pole of 
the E^rth to correfpond to a Place in the Heavens, dif- 
fering fix Degrees from the Place to which it coircfponds 
now J the Horizon which we conceive upon the Earth, 
would correfpond to a different Place alfo, from what it 
did before, by the feme Number of Degrees : Whence 
it follows, that the Elevation of the Pole above the Ha* 
rizon muft be always the fame. 

8. It is true, that if we fuppofed the Earth to turn %. Btwth 
upon different Poles from what it does now, then this SJ^^j^ •f 
Elevation would indeed be altered: And this would J^^^^^ 
s^ree with the Opinion of fome Modems, who pre^- rixom wj^ 
tend, that the Latitude of Parisy and confequently the ^ ^*r^^ 
Elevation of the Pole, is not the fame that it was ibr- 

merly, and that the Limits of the Sun's Setting are alio 
altered. 

(1) Com eaufi sny MerMiM, but Itt Dii|iiice from that Star 
Jkc.) Tbe Eevackmof th« Poie it which it jkmIIf failed the Fok-Sisr, 
kit, would a«c iodccd be alccfcd^ would bo tcr| much oltcrtd* 
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-/ife EicpUcdtioH 6f the Motions 4ff Mercury and 

Venus. 

t * * . w . , • » 

j.ntHh TIT'S ^^^ ^'C^ aii^dy afiured, that Mercury and 
^ nnd$/ YV jPffffti arc much nearer the Sun than the Earth 
ISmsJp^' IB } which being granted, there is no need of fuppofing 
fiion, m«r- ^nj Thing new, in order to explain the Pbaenomena ; 
Artotx' they all neceflarily follow, from what has been already 
^J^^^^ fuppofed in order to explain the Phaenomena of the 

•/Mercury Sun. . 

^"i^*^"*' 2. For, Firft, fince the Earth turns about its own 
MwZy .Center from Weft to Eaft in twenty-four Hours j Mer- 
sndVtnm cufj and Vmus muft. nece0arily appear to move from 
fttmtoturH j^ ^p Weft, and to defcribe every Day a Circle pa- 

round from m i ^ i -r* '/ / r- 

E^ft to x^Bel tp the Equator. 

Wtfi every j. They ought alfo each of them/to defcribe a Circle 
f!'aowtbty ^^^ ^^^ ^^ ^^^^ W,e^ to Eaft, becaufc they are con- 
M^ift to a f- Uin&i (i) in the cceleftial Matter, which carries the 

^""^ wS** ^^^ ^^^ ^ *^^ manner, 

tf^Zf: 4' Furthpr* according to this Law of Mtchanicks 

4i'^bartbiy fouidied in Reafon and Experience, viz. that every Body 
cugbt to tuhich moves in a Circle^ endeavours to defiribe the largejl 

f/Mt circie.^'^<f^ ^<f^ ^' ^^«i Mmury ^XiAVemn a^ well as the 

Earth, ought always to be in the Zodiack ; becaufe thsyt 

is the largeft Circle which the cceleftial Matter in which 

they ire' oCrried diefcribes. 

^^rbatthty " S«* The Circles which Mercury and Venus defcrilfc 

cugbt to ji' about the Siin, being lels than that in which' the Eart^ 

ctrf^in ^^ nioved about it ; we ought to conclude, that the true 

ifft than a periodical Revolutions of thefe two Planets, are finifhed 

Tear. in lefs than a Year. 

6, That they 6. However, thej^ ought to appear to take up more 
eugbt to ap' Time in making a -Revolution, than they really do take 
^p'mo^e^ up; becaufe we caltihat the Beginning of their Periods, 
^imt in a whcn thcfe Planets a^'between vjJ^e Sun and the Earth ;< 
Hi'voiuticn and we fuppofe this mted nat ftnifhed till we find them; 
't^/Vj^^^^ there again: But becaulHhe Earth changes its Plaa^ 
vp, " alfo, whilft the Planets make their Revolutions, that alf< 

(1) In tbtccehfiial Matter^ &c ) Set the Noltt upon Chtip. xxv. Art. u 
of thife Part* 

WI 
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^siQ be in a different Place from what it was in at the 
Beginning : Whence it follows, that the apparent Pe- . ; 
Tiod of every^one of the Planets, inuft neccflariljr com- 
prehend xiot onlv a whole Circle, byt as much more 
aifo, fis the Earth has pafTed through in the ' fame 
Time. 

7. This being well underftooci, it will hot appear at j.rhatve- 
all ihunge, that Fenus^ which moves in a lefs Circle nM^finifeph 
Aan the Earth, fliould notwithftanding appear to take ^/J^ SS 
up nineteen Months: For the Earth having in tbisr^^f 
Time gone above a Revolution and a half; yenus muft ^■^•»'*»« 
have made more than two Revolutions atid a half, 

when we think, that fhe hath made but one j whence 
it follows, that flie finifhes her Courfe in lefs than eight 
Months. 

8. And becaufe Mercury feems to make his Revolution *• '*« 
in fix Months or thereabouts, during which Time, thfe^^^^'J;, 
Earth makes hilf a Revolution ; therefore Mercury rea^J- aurfi U 
finifhes his Coarfe in about four Months. ttf*"' fi^ 
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Jn Explication of the Motion of Mars, Jiqjiter, 

and Saturn.. 

* 

C I N C E we are already affured, that Mars^ Jupiter^ i. ThrK ^ 
^ and Saturn, do indeed fo move about the Sun, that War«, Ju-^ • 
the Circles which they dcfcribe, contain the Earth'd §1** m**?r# 
Circle within them; tl^is is fufficient to convinceT usy fitHbtrJi^ 
that thefe Planets alfo (i) fwim in the coeleftiai Matter, A"'/?** * 
and that they are further diflant from the Sun than the, ^^^'^^^^f' 
£arth is. 

2. This being fuppofed, it fiallows, thzt Mars^ Ju^ 2. How tjbey 
piter, and Saturn, muft not only fcem to turn about ^PP^^""^ 
i the Eartli from Eaft to Weft in twenty-four iHotiri-^ th^ Earth in 
but muft alfo be carried along^by the coeleftiai Matter twenty-fiur 
which contains them, in the fame manner as Mercury y^^' ^I^^ 
Venusy and the Earth are carried. a e/r* 



(c) Swim intbt c^Ufiial Mamr, Sec) See the Hottt 9n Chap, xxv; 

4rt» 22. 

' * ' D 3 3. Accord^ 
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4.. m>f 3, According to the Mechankk Law bcforc*mtntk)- 

Jhw/iS' «*^» the Circles which Mars^ Jupitn-y zni Saturn dc- 

Satoro, takt fcribe, ougbt to be under the Zodiack ; a^d as they are 

^fi mawy larger than that which the Earth defcribes,> it is eafy to 

turning— f<*> ^^ ^bey cannot fim(b their Courfe Ixa fo (hort a 

^' tb% Time as the Earth does hers. Thus we fee the iL^ibn 

Bun. ^jjy Mars finifhes bis Courfe in ncaj:^ two Years, yupi^ 

ter in Twelve, and Saturn in Thirtjr, as they are ob- 

fervedto do, iz;/;c. becaufethey bemg further diftant frpm 

the Sun than the Earth is ; the coeleftial Matter at fifch 

Diflances, ought to take up proportionable Times to re* 

volve round, 

4. Him 4. Though thefe Planets move always dire£Uy on, 
^^^'•^'and never ftand ftill,'Or go backwards, yet they muft 
0/^adi* neceiTarily appear to be itationary and retrograde, and 

that at tlie Time when we think they ihould be fo, viz. 
they feem rctrc^rade as often as the Earth p»fles be- 
twixt the Sun and them ; becaufe we then move the 
fimc Way as they do, but quicker than' they j therefore 
we muft fee them applied to different Parts of the Star- 
ry Heaven every Day, and move the contrary Way to 
t»at which we go, 

5. ff»w tbiy 5» And as to their Stations, we ought to fee them 
ft^^''^ before and after every Retrogradation, becaufe then the 

iaf^oROfy. Determination of the Earth's Motion, is fomewhat ob- 
lique to the Determination of the Planet's Motion : So 
tl^t the Velocity with which we are moved, is fuiHcient 
cuAy to make us fee the £ime Planet in the fame Place 
for feveral Days together. 
^.jtmrt 6. This will he clearer by looking on the Figure, 
f4rMkUr jLet us fiippofe, for Inftance, the Circle here marked A 
tffJH^"' to. he the Sun; BC to be the Earth's annual Circle; 
s*aticni0id DM the Orbit of one of the Planets, Mars^ Jupiter, 
Mtir^gra* Qx Saturn ; and that FG reprefents the Starry Heaven : 
TfbTscni. T^^ being ib, if we conceive the Planet to be at D, 
Jpif . X. and the Earth at B, ( fo that we are about to pafs betwixt 
it and the Sun) we muft then fee it under the Place of 
the Heaven marked F, Further, if when the Earth is 
got to H, the Planet, which moves flower, is got to E 
only, we ougbt to fee it in F ftill, the fame Place of the 
Heavex}; and this explains the Station whkh precedes 
$he Retrogradation ; after this, if we fuppofe the Earth 
to be got as far as I, and the Planet to L, then we 
ought to fee it under the Place of the Heaven marke4 
G, which is more Weft than the Point F, where it 

ippeaj:pd before; which explaim the Retrogradatipn ; 
^' WW/, 
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LafUy, if we fuppofe the Earth to be got to C> and the 
Planet to M^ we ought ftill to fee it in the fame Place 
6 ; and this explains the Sca>nd Station; which follows 
the Retrogmdation. 

7. The Neameis of Mars^n^tA the Arch FG, f^fnmik 
that is, the Parallax^ and his Retrogradation, larger than jj '*•' 
the Parallax and Retrc^radati<»i of Jufior. And"bo-y^/i^ 
caufe fufittr is nearer us than Saturn^ for the iame^>tuni^ srt 
Keafen his Parallax and Retrogradation are higer than **^^ 
thofc of Saturn : Whence it follows, that when Mort^*^ 
is retr o grade, he ought to appear to move through a . 
bigger Arch of the Heavens than Jupiter j and Jufitir : 
dmxigh a bigger than Saturn, 

8. According to this Hypotbefis j when the Earth is c. j^m 
betwixt the Sun and one of thefe Planets, we are nearer ^tsmi^f. 
it hj the whole Length of the Diameter of the Earth's {JJ^^ST 
annual Orbit, than when the Sun is between this Planet mwr^uZ ' 
and us, and therefore the Planet ought to appear bigger \ V^^» ffi 
now this happens at the Time of its Retrc^radation ; it ^J^'^ 

is evident therefore, that the apparent Bignefi of a Planet Migmft im* 
when it is retrograde, ought to exceed its apparent Big- ^'''^^ •«* 
ncft when it is dtreft. And becaufe the Length of tln$ ^*^' 
Diameter by which we are nearer to Marsy \)e^ a 
gneater Proportion to that Diftance which wc were ftpn^ 
him before ^ tha^i the fame Diameter, ^ >vhofe Lepgtjh 
we arp nearer Jupiter ^Ifp, does to the Piftance we 
vere from Jupiter -, it follows, that itjbe I^cie^fe of the 
apparent Bignefs of Mars^ ought to be gieat^r than the 
Increai^ of the apparent Big^ieis of Jupiter: And be- 
qaufe our Approach to Saturn is icarce perceivable , 
becaufe of his great Diftance^ therefore his apparent 
Bigne(s is hardly at a}l increafed^ when be becomoi fe» 
itrograde. 




r \ 



D 4 _ C H A ?. 



5 ■ ■; ■ ■ ■ -• . •• ' 

I, C HA t. XXIL 

; iifo 'E^Hcittm.if.tifi Msoifs Motion. 
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1. ^iff/]R«^T*HE EcKpfcs lof the Moon and of ttic Sun; the 
Mdyt /i - '• •* Appajfeiit B^ijfi of the Moon, the Strength of its 
'X^'^itVi ^^' ^^ ^^ ParaJfe*^ do aH Aicw, that the Moon is 
Vertix* liidtveiy far diftaht from us: Wherefore it is natural to- 

thiiiL tteit it is cohtafhed in fi) th^tfihall Voitex, in 

the Middle of which vth^ Earth is placed, 
s. SJtff /3tf .2, And becaufe the Matter of this Vortex is turned* 
j|wK>v/^ '\ahiottt it^ Center -froni Weft to Eaft, ft muft carry t*e 
7^*2***^ Jlqon along with \t iit that Manner about the Earth : 
Eart^frm Biit fince the Circle' deferibed by the Moon, is much- 
^fl^'*-**-^* larger than the Globe of the Earth ; it is reafonable to* 

think, that if the Earth makes a Revolution of twenty- • 

four Hour?, the Moon -cannot make one in lefs than a 

Month. .' • 

3. few ibe 3. Thfe Length of Tinie which rfie Moon takes up 
AfiMfl may jjj revolvilig about the Earth, is the Reafon why flie 
rowdfn appears to make ^hnoff an entire Revolution from Eaft' 
pfontj'/wr to Wefl; every Day^ whilft the Earth revolves about its 

^f> a ^^ riot hinder, but that m a Month's Time or there- 
Montbjrm abouts, the Moon may run through all the Signs of the 
w^toEafi. 2odiack from Weft to Eaft. 

4,fFbffbt ' 4* We muft take notice here, that the Vortex in^ 
Motion cf which the Moon is carried, and in whofe Center the 
J?* ^'' ^^ Earth is placed, being compreffed between the Heavens^ 
£^, is ^^' ?%«j and Mars^, h not exaftly round, but of an oval 
morefen/M Figurc 3 the leffcr Diameter of which, if continued,- 
f J'! ^^^^^ would pafs through the Center of thofe Heavens, that 
^oppifitTont, is, through the Sun : This being fo, the fluid Matter 
than at ibe of this fmall Vortcx, wfaich runs round the Earth, muft 
Sluadra" neccflarily move quicker in thofe Places where the 
'""^^ ' PafTage is ftreightgr thwi in . thofe places where it is 

larger: WherefdlBe the Mobn^ which' is carried in this 
Matter, being ini.<the ftrqightett Pljacfe, at the Times of 
its Conjunftions aiM 'Oppofitioijs,'* its Motion towards . 
the Eaft, ought to be'^H^orf fenfible at thofe Times, 
than at any other^ ^' 

^ (f) Tbat fmall Pirtgx, fee) See tbt Notts on Cbaf, txr» Artt %%• 
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5. The Figure of the Moon's Path, which is that of s-w*; '^ 
Ml Oval, hinderejt frojn being ii).fp for diftant from ,^™ ",^' 
the Earth, at its- Odrt^fiflions aitct O^prfitions, as at its Ehigatia 
Quadratures. And hence it is, that about the Time of 'VJ^^' 
the Coniun6li<ins and bpjijfitions, rfw MOop^ Diameter 
offiht to appear largeft, 

1»: If the Motion of ti>e Malt« of a fmalt Voft« 6j»^<t«. 
m which the Moion is carried, werft » ac««»i»»dart „,'^JjJ, - 
it fclf to the Earth'j Motion only, thai the Moon wttiid mm^maiT 
:^pear te move from Weft to Eaft under the Ecjuslor j V^V^ ' 
and Oft the other Hand, if the Motion of tbU MattM'* ' '^ ' 
jccOTtimodated it fclf to the Motion (rf the p<nC Vor- 
tex about the Sun only ; then the Moon would oppeas 
to move always under Uic Ediptick j b«t beiag to, 8c- » 

commode it fclf to both thefc Motuons, it follpwj, * ^ 
that the Moton can neithir lie carried under tha Eqi»^ 
tor, nor undcrthc Edipticfc, but in a third Circle, which ' 

^roaches nearer the Eclipttck ^an the Equator, he- 
caufe the Momt is nearer the Sun's Vortex, than flie b 
the Caobe of the Earth. . ■ . 

7. The different Phafcs in which the Moon appears at 7' Tto '*• 
fijfaent Times, and the EcUpfcs of the Sun, are ex- ^f^^ 
pbined in the &iae matuisr in this, as in the foregoing M^aX* . 
Hypothefis. 1ft!i 

8. TWrii *»wifin^to this Hypothefis, it is eafy to ^^^ta ' 
imagine a CompoTidon of the wbrie Heavens ; yet \.,bi. t^/*^ I 
thcweht it proper to rqprcfent tham ia the fiiiilawing '**/■■" ^ 

r..^' ■ . ■ 'BtfamnM. 

F'gui'e- «». > 

' - -. . . . Tab. XIII. 

(I) Saf»rJitt»tfrm*it.S^i, «!<ieh alter) tltU MMUh .S»e Tae-Fig. i. 
fc.) It i* m be obfarvrf bowwt, t'"'' ^fi""- ^f^ *'■ "V" ^• 
Ih>t ih£ Moon hae two Frrlg'"'" ■(Vi'K*. i6. 
■lid «w Af^ami, ¥tdik «ry 
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CHAP. XXIII. 

I 

Of the Sjfim ^Tycho-Brahc. 

i.Tbefii TjESIDES the two Syftems of the World which 
fn*'^'^ ^^ publiihcd bv Ptolmy and Ccptrnicusy Tydb^ 

Tyeiio Md Brahe invented a tbira, which has fomething in it com* 
Copcmicw mon to the other Two : For as to the Pohtioa of the 
sgrm^^ Parts of the Univcrfe, Tycho agrees with CopernUus^ 
except only in this particular, that he makes the Earth 
the Center of the fixed Stars. 
»• "^^ 2. And in order to explain the Motion of the Hea* 
fi^^^icbM ^^^^ ^^^ ^^^ t^ apparent Motion of the whole Hea* 
a^Mi vitb vens, which they feem to complete, in twenty-fpur 
Ptoltmy. Hours, Tycho was of the fame Opinion with Ptolemy^ 
vix. that the £arth is at reft in the Center of the Worlds 
and that the c whole Machine of the Heavens is turned 
about it from Eaft to Weft in the Space of a Day, by 
the A£tion of thsPrimum Mobile, 
y^biftcoitd J. He alfo explains the particular apparent Motion of 
i^Ucbbt the fixed Stars in the fame nianner as Ptolemy and his 
ttgrut with Followers did. . 

A^^l^ 4. But in order to account for the apparent Motion 

particular of the Plancts, we . may affirm, that he entirely agrees 

in nubieb b$ yf\i\^ Co^mtcuSy that is, he fuppofes Mercury^ Venus ^ 

iWn^ust -^^'^j J^^^'i ^^^ Saturn^ to revolve alwilt tlKs Sun» 

' and the Moon about the Earth, in the Times mentioned 

by Copernicus, He only adds furtherof his own; tliat the 

Sun revolves about the Earth from Weft to Eaft, and 

carries along with it, that huge Mais, of which it is the 

Center, confifting of all the Heavens of the Planets, 

whole and entire, and always parallel to it felf ; in fuch 

a manner, that the Earth, being always at an equal Di* 

ftance from the feveral Parts of the Starry Heaven, is to 

be found fucceffively in all the Places contained between . 

the Heavens of Venus ahd Mars^ to which Ccpemicus 

fuppofes it applied in the Space of a Year. 

r. jphfreiM 5. So that all the Difference that there is betwixt the 

^A^^ Opinion of Copernicus and Tycho with refpeft to the 

^'T^hfdif- Earth, compared with the fluid Matter of the World 

yv, from through which it moves, or which moves by the Side§ of 

/Atf^•/ c«- i^^ confifts in this ; That Copernicus fpeaks of the Moti-» 

f*'"^*** on of the Earth, as a Man would do, who was going to 

iucplain how he got from Paris to Orleans^ viz, by point- 
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ing out the Way, and %ing, that be was carried along 
in it by the Motion of a Coach and Horfes $ whereas 
Tycbo in fpeaking of it, would do likev another Man, 
who, having been in a Osach from Paris to Orleant^ 
the ^me Way ; would not, acknowledge, that. either tlie 
Coach or Horiiss moved At ally but affirms, that the Way 
J5 moved, and the Wheela of the Coach only turned 
about their own Axes, and the Horfes only lifted up their 
\x^ in order to let the Way flip under them, and that 
ihey might not be carried along with it* 

6. They who are well acquainted with the Hypoih/is 5. Th^ih^ 
tiPtoUnq and C&pirmcus^ will find no great Difficulty 'JfMt^t 
in obferving how this agrees with the Phmtomene^ but *{g^J^^ 
will iee, that it very well explains the Dire^ons, Sta- tttPb^tm^ 
dons, and Retrogradatbns of the Planets. 
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CHAP, XXIV. 

SsfleSions upon the Hypotbeles of Ptolemy, Coper* 

nicus, amTycho. 

WE have no Reafon to think, that the Strufture of '.^*''»«^ 
the World is fuch, as we have no Idea of; becaufe '^^/f^fi 
in Things merely natural, we can always judge of them ttrte Hvf^ 
according to the Ideas and Notions which we have of'V"'*^ 
them. But becaufe we have here propofed three Notions ''•'*^ 
oi the fame Thing, one of which only can be the true 
one, we muft necefiarily rgeft two of them as falfe, and 
uetain the other as the only true one. 

2. In order to choofe which of thcfc Opinions we *• ^•^ f» 
ftiould be of, we muft thixH^hhr confider the Hypothcfcs "^l^^f* 
of PtoUtrtf^ Copernicus 'i and Tychy and compare them th^4 Ujf9^ 
exadtiy with each other j for it we find any one of t;bem '^fi*' 
to contain any Thing contrary to Experience or Reafon^ 
we ought not to make any Di£Bculty in rejeifting it, 
in order to our embracing that only, in which there are 
no Aich Repugnancies : And if there be no fuch Repug« 
nancies in any of the three, yet we ought always to fix 
upon that, which is the moft fimple, and has the feweft 
JSuppofitions ; becaufe the more the Phaenomena are, 
which can be explained by it, without making any. new ^ 
B^o^WDSf Ifae fDOi^ the PjEOOfs 9St that it is true. ^ 

3. The 
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3. Tbejirft 3. The Hypothejif dl Ptok^^ as- was^ before dbfervccf^ 
^*^i^ht?o * contrary to Experience, with rdation to the different 
^!a^tbe Phafes of Venus zhA Mercuf*y. 

Hyp9tbefiioj 4, It 18 alfo Contrary to Reafon, becaufe it allows of 
^u!st€OHd tibratfons in the Chyftalline Heavens ; for this is to 
RtafJ! admit of a great Alteration, in order to explain a fmall 
one : Thus a Body which moves oh always the fame 
Way, though with unequal Velocity, does not under- 
go io much Alteration, as a Body which, having beguii 
to move one Way, inoves all at once the oppofite Wsly: 
»♦ • . To which mSay^be added ; that the Libration which is 
introduced !n order to explain the unequal Motion of the 
V fijjoed Stars, id nfet fufficicnt for that Purpofe ;, for Aftro- 

ndineiS'do very often Bnd that their Calculations do not 
V - agree with the Phsnomena. 
s. rhi tbiri 5. It ought alfo to be rejefted, becaufe of the great 
ReafoH. Number of j)articular Suppofitions, which it contaiQs, 
ajiE ivlucii are made uipon all Occafions, in order txx 
explain any new Phaenomenon ; fo that nothing can be 
deduced from the firft Suppofition, that will explain any 
new Thing, and whici con&quently iHould be taken for 
a Confirmation of the Hypoihejiu 
e.Tbefiurtb ' '^h. FtirtheK fihce he afcribes to the Primum Mohik^ 
Rtajon, a Power of carrying along mhh it from Eaft to Weft, 
all the Heavens which are contained in it ; we cannot 
> - ' conceive any Reafbn why it fhbuld not carry the Eart^ 
along with it alfb ; and tharfo much the rather, becaufe 
the Defenders of this Hypothejisy fuppofe it to be an 
unadive Mafs, and are diredlly againft allowing it any- 
particular Motion, by which it might advance as much 
from Weft to Eaft, as the Primum Mobile would carry 
it hovsL Eaft to Weft; which is however the only Thing 
that they themfelves make uie of, when they would 
'• * (hew why the Starry Heaven and the Heavens of the 
^ Placets, do not finifh their Revolutions in the fame Time 
.-.. as the Pr/;K«OT jWff^iV^ does his. ' 
7. That ' 7' I know that it is ufual to fay, that the Gravity of 
Gra-vity the Earth, hinders 4t. from being moved by the Hea- 
does »otj>in, vens which incammfs it : hut I ^know alfo that this 
fromh:ing R^ajon IS not a true one : l«or, all that Experience* 
carried a. teachcs US, is ; that Gravity is a Quality by which tcr-' 
PtTrrfJ'm^ reftial Bodies tend -to the Center of the Earth, and tend- 
MoojJc. likewife in the fame manner to unite with each other : 
Now it (e^ztas as abiurd to- apply this Gravity to the 
hindring- the Earth^s Motioit^^ as -it would- b« to a£&rm, 
that a NHmbsr of^ PorfeAs^Dviio^ar^^n^fi 'fibat^that tutn? 
• round, 
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round, might hinder themfelves from being tamed ab^ut, 
hy clafping each other, and feftning then&lves tog6the| 
fts clofc as they could. ' - 

8. That the Hypothefis of Ptokn^ cifindt be the tmt ^ ^ - 
one, is moft evident from hence ; that the Pbiloiopheri tb/n^^!' 
of the feveral Ages Tince hifn, have not b«en able to tbefit of 
find out the Reafon of two forts of Motiofis Very Gon^ *''**l!'"^'^ 
fider^ble, and which they tbemfelvesf own to be of Very IJI?/^ ^^ ^l 
great Importance: Thc'fifft of thefe, is- that Motion vitj, nor tSt 
by which heavy Things defcend downwards^ And light J^"? '"'' 
Things afcend upwards, that is, they have not yet hatA tbTsIm lait 
able to fliew, what Gravity iind Levity c^nnft in i^rrj^/WW. 
The other is that Motion by which the Watcis of the 

Sea rife and fall twice every Day it certain regular , ', 

flours, which is what we call the Fluk and Reflux of 

the Sea, ' ' !' 

9. We have as much Reafon to rejeft the Hj/pothefis 9-^^^('^*» 
of Tycho as ttet of Pulemy ; for the Dcfe<9s aref much f/^^^^/i, 
the iame in them both : We may indeed ^fSrm, that no hfi de- 
there are fewer Suppofitions in it to expbiii the Motions/'^''*" '^» 
rf the Planets by, and that it accounts very WcJl for the |^^' ^^ ^^^ 
apparent Phafes of Venus ; but it muft be oWhed, that ^' 
there is one Thing vciy fhocklng in itj and which clui by 

no Means be reconciled with Reafon^ ifiz, wh&i it fup* / 
pofes that Motion, by which the whole Mafe of Which 
the Heavens of the Planets is eompofed, is carried tbrcf 
the whole Firmament. For though we Ihould fuppofe 
the Author of Nature, to have unprefled this Motion 
upon it at the Beginning ; yet we muft a^rknowledge^ 
that according to the Laws of Nature^ which te him* 
felf has eltablifhed, and by which we fee all Things are 
governed, this Motion muft gradually dioiinifli and qiiit^ 
ceaie at laft ; becaufe, according to the fame Laws, it 
muft be communicated to the coeleftial Matter, which 
that Mais to which Tych^ afcribe^ this Motiony continu* 
idly turns out of its Place. 

ID. The Hypothfts o( Copemieus'^ i^, withoat Doubt^ le.Tbattbe 
the- moft frmple of the-Tbiree : For ho makes no mor* ofcl^tmx' 
Suppofitions, than thofe few which are neoeflaty to ex- ^4 t^m^l' 
plaifi the apparent MoticJn of the Sun arid fixed Stirs ^ fMt^L ' ' 
and alf the Phaenomenfe of the Planets,, which he ex- 
pfeins afterwards,^ and efpccrally, theDke^dns^ StariOm^ 
'^nd" Reidfdgadations'i Gf^MarTi Jupifers^ vtMr Saiurrf^ att - 
•lfe-Maiy'PjX)o6*to* wiiftfln '1^9-Ifjf9tkeJiss^ artd' to kii\i£t . ' 

:. II. tt 
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ti.ACen* 1 1. It i$ a ftill greater Confirmation hereof, if we con^ 

"STff^y fidcr, that as there is but one Sun to illuminate the Earth 

tMtofCo'^nd Planets, and that the Planets (hine by that foreign 

lerokut. Light which they borrow from it ; it is very probable, 

that the Earth alfo receives her Light in the fame man- 

ner as the Planets do : For, there is no doubt at all but 

that they receive theirs by revolving about the Sun, and, 

as we have good Reafon to think, by turning about their 

own Centers likewife ; (for we are aflTured of this by Ob- 

iervatioii in Mars^ J^iter^ and Saturn ;) which being 

ib, it is highly probable, that^ the Earth revolves in the 

fame manner that Copimicus fuppofes. 

IS. 7hat 12. Now there is this peculiar Advantage in this Hy^ 

Ims^JZ!^ ^*^^'» ^*^ *^ ^'^ fatisfy not only all reafonable Per- 
m§ires//J ^o^s, but even thoie that are very fcmpulous ; by allovr* 
^jcrii* mnf ing to the former the Liberty of thinking as they pleafe, 
^^^11^ and of giving what Name they judge proper to tliatTranf- 
Jation which the Earth makes i and by fhewing to the 
latter, who can by no Means agree, that any Motion 
at all'fhould be afcribed to the Earth, that they need not 
be in the leaft furprifed at this Hypothefis on that Account, 
becaufe it is indeed but very improperly, that any Mo- 
tion is afcribed to it. For if it be rightly underftood (i) 
that the Motion is nothing el/e but the fuccejfive Jppli", 
nation of the Superficies rf any Body , to the different 
Parts of the Bodies which fiirround it^ and immediately- 
touch it \ we (hall fee, that what we call the diurnal 
Mdtion of the Earth, belongs rather to the whole Ma& 
compofed of Earth, Seas and Air, than to the Earth in 
particular ; which ought to be looked upon as at per- 
kSt reft, fo long at it is carried by the Torrent of Mat- 
ter in which it fwims ; in the fame manner as we fay, 
that a Man who is aileep in a Ship, is at reft, though 
the Ship really is in Motion. So likewife will it appear, 
that the Motion which we commonly call the annu^ 
Motion of the Earth, does not at all belong to it, nor 
to the Mafs compded of Earth, Water and Air, but 
to the ccekftial Matter, which carries this whole^ Ma& 
about the Sun. 
I'i.rhattbg 13. As to the Obje^ons which are ufbally made 
mtua'^if^ againft this Hypothefis^ as for Example, that it would 
ihe Hypo- from thence, folfew, that a Stone let fall ^l the Air 
tht/icfCo^ from a very high Place, would not fall upon that Place 
ofw^cV ^^ ^ Earth, which anfwered perpendicularly to it whca 

„^ (i) That B^9tion it mt$ fg tje, it:) H««r Weak thia U, may U c^m'Ak 

the N(fttt w la't I, C. av \% /iiu 1% 

it 
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it was. let go, but upon another Place to the Weft of 
that ; becauie whilft it b defcendtng, the Earth is moved 
toMrards the £aft, and (lich like Objeftioiis ; they cannot 
be propofed, but by fuch as have not been at the Pains 
to think ferioufly upon the diffisitnt Circumflances of 
Motion : For, whoever has in the leaft coniidered this 
Matter, will eaGly fee, that according to the great Law 
of Nature, viz. that all Bodies wtll continue as much 
as they can^ in that State in which they once are; all 
the terreftrial Bodies, which have for fo long Time turned 
with the Earth from Weft to Eaft, muft have the fame 
Tendency to move that Way, as the Earth it ielf has ; 
confequently (i) a Stone let fkll from a very high Place, 
cannot defcend without moving forwards exaftly as 
much as the Earth does ; whence it muft neceftarily fall 
upon the Place which correfponded to it perpendicularly 
when it was let go ; and where we fee by Experience, 
that it does fall. Nor ought we to think, that the Air» 
unkls moved by any external Caufe, fuch as the Wind» 
will at all alter the Line in which the Stone has a Ten- 
dency to defcend in ; for the Air it felf moves towards 
the £aft, in the fame manner as the Earth does, but it 
oi^t to move either quicker or flower than the Earth, 
if it were to accelerate or retard the Stone's Motion. 

14. After thefe Explanations, (2) we (hall make no 14* Yl«f«N 
Difficulty of joining with one Party, and declaring for 'a!!l£j,^ 
the Hypothejis which is commonly call^ Copemicus's ; Gopernicot 
fo that when we ipention our Hypotbefis hereafter, we/t^'^ '* 
are to be underftood to mean thisy which in all oax'^J^ 
Philofophy we ihall fiippofe to be the true one. 

fi) A Stun Ut fait from s ^try ArgBOwnt, for tbt Hjpotbefii pi 

high Piati, te.) See t^ N§Ht m Cpnmieus tbore all the reft, draws 

Fori I. Chap, xiv* Art* 3. inm the Diftence of the fixed Stan, 

(1) Jr# fi»aU HMkt m Oifeuiiy^ beJow in the N^u tifm Cb^, u? . 

ice) Yoo will find • tery ui|entcoi Art, 3. 
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CHAP. XXV.. 

Of tbt Natkri »f 'tbi Stars. 

n.rbattbe T^O ^Boij floubts, but th^t the Sun (hine^ by it^ 
Sum films J»^ owh Light, for wfc do ti6t fee ahy where in the 
Li'^bt!^" WorH a more luminous Body for it to borrow its Light 

'^ ' from. 

^.natibe ■ 2. What was before obferVed, concerning the Moon 

«J^^^'^^'and Fenus, flicws us, that thefe Planets (hine by the 

'light kJbfeh Light which they receive frorti the Sun ; and fince thfe 

tbeyrecewe othcr Phifiets do fiOt appear to have any more Light df 

f^ '** their own tfein Venm-y and fmte they, all revolve aboift 

the Sun, as V^us and the Earth do, (which looks like 

A)me fort of Dependence upon \t) it is natural to" c6n- 

dude, that they alfo, like thejother, (hine by that Light 

only which they receive from the SuK 

3. ibattbe 3. Thcf fixed Stars (hine a great Seal brighter ^han the 




could not be feen ^t dl, if they borrowed^ their Light 
' fforti Mm, any fhore than we can^ fee the* Satellited pf 
Jupiter J and thb. (mall Star about Saturn^ without goit^ 
T'clefcopes. 

;*• '4. This 



(t) Jt fi fpiae a tfij^net JtoiK 
the Sun, &c.) ThaC the fixed Sun 
Mte it an ioifneaie and inconoeif af^e 
Di fiance from us, may ea(Uy be col- 
leded from iie^ce j that thiough by 
the EartK^s. annual Modon, we aife 
'ne*arer tKem ly the whole. X^eofth 
of the Diameter of the magnut 
Orbit, yet their Situation or Magni- 
tude (whtch indeed is but like a 
Point. See fbe JNotet on Chap. xKxii* 
Jlrt. a6. of tbii Part.) is not in the 
leaft altered* And indeed it cannot 
be determined how great this Diftance 
is $ becaufe there is no Parallax nor 
any other Methrd, wherc4)y it can 
certainly be found out. Mr. Nugent 
thought of a very ingenious Way of 
making a Conje^re about it in his 
ConjeSunt cwctrning the Planetary 
fforfij* ^fiokll. pag, 125. 

Tbofe, fays he> that t*vt hiihgrf 



nndtrtdolt (6 calcuUtt tbetr Diftifnft, 
have not been able PerfeSly to compaft 
tiftir Doft^, by ttufm of the extreme 
Uittiift^ 4nd dlm<^ Iwfoffihiiity s>f 
the Obfirvlgtions req^^U fir ihoir 
.Fkrfn^it, T^h^mlf AietbodtbMtJfoi 
tematfiinfi^to tamiat any tokrttbTeBie' 
babtUty info difficult a Cafe^ I fi^nli 
here make ufe of. Seeing then that the 
Start, at ifaid before, are fo many 
Suns, if we do but fuppofe one of them 
equal to ourt, it willfollcw, that itt 
Diffamcefrom us, it at much greater 
than that of the 6sn, at its eippa- 
rent Diameter it left than the Dior 
meter of the Sun, But the Start» 
even ttofe of the firfk Magnitude, 
though viewed through a fel-fcof^ 
are fo very fmall, that they feem only 
like fo many fbining Points, toithout 
any perceivable Breadth, /» that 

futb 
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4, This being fo, it is roafonable to think that the fixed ♦• '^'^ '*« 
Stars arc fo many Suns, placed in different Parts of thc^^/^^XL 

World : thing frm 
thtSuM. 
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imd, Wbem t ftvt tku vmldtui 

jmitd, ipmiiU kf wkMt Way I 

tmiijt l^€u tht Diamiv tftbt Sun, 

ss ^ t$aMt it tut appear iirrtr than 

9hiDog, or awf oibtr 9/ tb$ ckitf 

itan. T0 fkU farp^% Jchfid ona 

Bwdtf my it09hf$ Foot luhi with m 

nmy thin Fiati, in tho Middlt of 

9&b I modi a, Uok na oMuiing 

Jsk tm^tb Fart tf a Lim, that ii, 

thi BnndrgJ ami forty fmtth ^artof 

am lack. Tbmt End I tnrmd to tht 

Sna, pUuimg my Rye at th$ other, 

ami 1 eml4 fiafi math of tht Sun, 

at was im Diameter about the \%%d 

fart^tbt fFhole. Bat JliB that 

bttii Fiace of him vtat brigbitr much 

tbao tba Dof-Star it in the tkar^ 

Hight. Zjiw that tbio wmild not 

do, hut Ajhat I ma^ Iffon tht Diamo* 

tee of the 9tm a groat doal more* I 

madetbtnfmth another Hoe in nP/ato, 

ami agaii^ it I platoda littU round 

Gbift that I b0d made pje of in mf 

MCerefupet, of much ahcut tbefamo 

J>iamiw with the fonner Hole, fhen 

Aekii^ Mgain towards the Snn, (r«- 

a^emretbat no Light might tome 

near my Eyo to binder my Ohierva- 

tiea) Ifommd it appear f much the 

fatse Clusmefs at Sirius. But com- 

pnting mecerdinfr to the Rnlet of Pi- 

ofbidu, I found bis Diameter now 

^nas hut j . p^rt of that hundred 

If* 
and eighty pcond Part of his wboie 

Dinmeter that I few thorough the 

former Hole* Multiplying . t and 

TYT *^^ ^"^ ^^^''t f^ ProduSi 

Ifntnd to be ^ .'^ The Sun 

therefore being CotUraded intofvih a 

Compirfs, cr being removed fo far from 

nt (for it^M the fame tling) as to 

mehe bis Diameter hut the %'jSS/^tb 

Part of that we every Day fte, will 

fend ut ju/i the fame Light as the 

Dog'Star new doth. And his Di- 

fiince then from us will he to his 

prefent Diftunce undouhtodly at 27664 

it to J I and hit Diameter little a* 

hove four Ihirds 4"'. Seeing then 

Sirios is fnppofed efnal to the Sun, it 

feUawt that hit Diameter is likewife 

4.", and that bit Diftanct to the 

DyUnce of the Sun from uf is at 

S7664 to I. And what an intre- 

TOI.. 11. 



sUUe DiJIaneo that it, will appear by 
tbefamo ff^y of Reetfouing that we 
ssjed in meajuring that rf the Susu 
r or if twenty Jive Tears are refmired^ 
for a Bullet out of a Cannon, witb 
itststmoft Swtffneft, to travel from 
the Sun to us, then by multiplying the 
JNumher 97 664 into 2$, we Jffall 
find that fueh a Bullet would fpend 
ahmfi feven hundred tboufand Tears, 
in its Journey between us and the 
mareft of the fixed Stars* And yet 
when in a clear Night ^ao look upon 
them, we cannot think them above 
feme few Milee over our Heads* 
What I have here ijtfuired into it 
coueeming the neareft of them, Ftr 
the other | fince, as was before cb" 
Jervedg they are Jo much farther r«« 
moved into the Heavens, that the 
Difiance of the near^ from tbefoU 
lowing ones, is as great at the Dim 
fiance of tboje Jrom the Sun, what 
an immenjity snufi there ftill remain 
W hen I have been refleSling that 
with my Jelf, I thought all our A» 
rithmetiek was nothings and that we 
are verfed hut in the very Rudiments 
of Numbers in Comparifon of tbit 
great Sum, This is indeed a very 
ingenious Conje^re of Mr* Hngent* 
But our Flamflead hai at laft foumly 
by wondrrhii diligent Obfervations, 
that th^' nxed Stars have an annual 
Par Jlax, which is a compleat De- 
snonftr^tion of the Motion of the 
£.>rth. And that this Paraliax is 
9bout 30' • 

But the following Particulars^- 
which are worth ObferT«tion> are (b 
many CoRfequencrs of the Tad Di- 
ftance of the fixed Stars. 

Firji, If we were to approach 
ninety nine Times nearer to the 
fixed Stars than we now are, fo that 
we were diftant from them but a 
hundredth Part of the prefent Di^ 
ftance, we ihonid fee them but a 
very little bigger than we do row ; 
for they would appear no bigger nor 
no otherwlfe than they do now, 
when looked at with a Telclcope 
which magnifies the Objea a hun* 
dred Times. 

Secondly, Nine Parts at lea(^ in 

Ten of tnat whole Sp?ce which is 

b;twixt us and the fixed Stars, re- 

E ceive 
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World : In order therefore to explain the Nature and 
Properties of them, 1 fliall fatisfy my felf, by explaining 
here the Nature and Properties of the Sun, and the Ex- 
plication of the one may ferve for the Explication of the 
other, 
<. wbaMbe S» ^^ ^^ve already feen, that that Part of the World 
Body of the in the Centcf of which the Sun is placed, and which 
Sun tt, reaches every way a great deal beyond Saturn, ( i) is a cer- 
tain Vortex ; the Matter of which ^ except the Earth and 
Planets, is very liquid and tranfparent. To which we may 
add, that all this vaft Extent of Matter, is cbmpofed of that 
of the firft and fecond Element only, and that it contains 
a great deal more of the firft Element than is neceflary to 
fill up all the Interftices that there muft be between the 
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ceivc no more Light either from the 
Sua or from any of the fixed Stars^ 
than we do fVom'the Stars in a clear 
Night. 

Thirdly, Light (becaufc, as ww 
ibewn above in the Notes on Part I. 
Chap' zj. Art. 30. it is propagated 
from the Sun to the Earth in about 
fcven Minutes of Time) cannot ccme 
from the fixed Stars to us in Jefs 
than forty Days time at the leaA \ 
and Sound could not come from 
thence to us in lefs Time than fifty 
thoufand Years \ and a Ball £hot out 
of a Cannon,. would take up much 
longer Time ilill. See the Philoffbi- 
cai TraTiJaBions, No- 209. 

And from hence the famous Mr. 
Whijian draws a very Ingenious Ar- 
gument, which overthrows both the 
Ptolemaick and Tychontck Syftems 
of the World : « If, fayi he^ there 
beany Difference in the Diftances 
of the fixed Stars from us,3nd none 
of the Ptolemaick Aftronomers 
have ventured peremptorily to af- 
firm that there is not ; then by rea- 
son of thfir vaft Diftanccs, the 
Time wh ch Light takes up iti 
coming from a fixed Star to the 
Earth, muft be very great, not to 
be meafurcd by a few Hours or 
Dny.?, but by whole Weeks or ra- 
ther Months. Whence it will 
follow, that the true Places of the 
fixed Stars, tho* they are both 
really and apparently in their pro- 
per Parallels of Declinat-on ; yet 
with refpt£l to t^eir right Alcen • 
fions, will very much d ffcr from 
their apparent Places, nor will any 
one cf them, unlefs by gieat 
Chance^ ever be in that Place, 



with refpeft to the H rizon or Me- 
ridian of the Earth where it ap- 
pears tabe* And befides it will fol- 
low from the Diflerence of Di- 
ftances, that the real Order and Si* 
tuationof the fixed Stats with re- 
gard to each other, is not foch k'a 
we fee it from the Earth. We do 
indeed certainly know by Obferva- 
tion, the partitular Parallerwhich 
any of them is in, becaufc the fac- 
cefiive Propagatiori of Light does 
not at all difturb their Situation 
fideways ; but what their Places are 
with refpeft to each other in any 
Parallel, cannot at all be known by 
Obfervation, unlefs we knew their 
Diftances,and confidered well what 
Time Light would take to pafs 
thro* them (which at prefent we do 
not ) Now fince we know the 
Places of the fixed Stars according 
to their Longitude and' Latitude, 
only by having their Places with 
refpe€t to their right Afcenfion asd 
Declination given by Obfervation 5 
it will certainly follow, that the 
real PJaees of the fixed Stars can 
never be at all determined by as, 
the fuccefiive Motion of Light 
hindering it. Which ftrangc or ra- 
ther whim fical thing, in the antient 
Hypothefis, has not beenobferved 
by any Body (that I know of) but I 
think it is very well worth the No- 
t'ceofthe Followers of Pfo^mj (if 
there remains any fuch.) Where- 
fore I leave fo ft range and fo nn- 
artificial an Invention to be con- 
fider'd by them, and to be defpifed 
by you.* Aftronom. Le&. p, 23'3. 
( r ) ha certain Porttx, fee ) See 
the Notes on Art« 22* oi this Chap. 

Parts 
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Parts of the fecond Element: ,In Confequence of this; 
fince it is certain that Bodies .which move in a Circle, 
have a Tendency to fly off from the Center of their 
Motion, and that the grofleft and moll heavy Parts, 
fuch as thofe of the fecond Element, have a greater 
Tendency to fly off than the other ; it neceflTarily fol- 
kws, that the rarts of the fecond Element ought to go 
off from the common Center, and to approach as near 
to each other, as their Figure and particular Motion' 
will allow : So that they ought to force into the Place 
which they leave, all the Matter of the firft Element, 
except fo much only as is requifite to fill up the Intervals 
between them. It is certain therefore, that towards the 
Middle of the Vortex in which we dwell, there muft be 
a large Quantity of Matter, which is compofed of the 
firft Element only ; and it is this Mafs of the fubtle . 
Matter which pofleiTes the Center of the Vortex in which 
We-are (i), which we call the Body of the Sun. 

6. We 



^t 



(i) Which zoe call the Body §f 
the Sun, Sec.) Since we haye {hewn 
that the fubtle Matter mentioned all 
tjongahwt, and the Vortexes men- 
tioned beiom (in the Notes oh Art, 
20.) are fiditious and contrary to 
the Mature of Things : Let us hear 
what the iilufhious Sir Jfaac Ntvt^ 
^ lays fo incomparably well con- 
oraing the Nature of the Sua and 
^tartfrom other Principles* *<Dj 
' not great Bodies, fiyt be, conferve 
' their Heat the longeft, their Parts 
' heating one another j and may 

* not great denfe and fixed Bodies, 
' when heated bqrond a certain 
' Degree, emit Light (6 copioufly 
' as by xhe £miBk>n and Re-a^ion 
' of its Light, and the Ref!e6tlons 

* and Refractions of its Rays with- 
' in its Pores, to grow ftili hotter, 

* till it comes to a certain Period of 

* Heat, luch as is that of the Sun ; 
' And are not the Sun and fixed 
' Stars great Earths veheinently hot, 

* whofe Heat is confetv'd by the 
' greatness of the Bodies, and the 

* mutual A<ition and Re-a£lioa be- 

* tween them and the Light which 
' they emit, and whofe Parts are 
' kept from fuming away, not only 

* by their Fixity, but aifo by the 

* Weight and Denfi'y of the At- 
' mofpheres incumbent upon them, 

* and very firongly comprefiing 

* thejn, ^pd condeofipg the Vapoms 

VOL. IL 



f and Exhalations whfcfa atife from 

* them ? For if Water be made 

< luke-warm in anv pellucid Vef- 
« fel, and that Velfel be afterwards 

< emptied of Air, that Water la 

< the Vacuum will bubble and boil 

* as vehemently as it wov:;ld d.i if 

* heated much hotter in a Veffel fet 

< on the Fire in the open Air. . For 

< the Weight of the incumbent At« 
f mofphere keeps down the Vapours* 

< and hinders the Water from boil- 

< ing, untill it grow much hotter 

< than is requifite to make it boil 

< in va€uo. Alfo a mixture of Tla 

* and Lead being putvpon a red-hoc 

* lion iw vacuo, emitpa Futne aiid 
« Flame j but the lame Mi:ttare in 

* the open Air, by reafon of the 

< incumbent Atmolphere, does not 

< fo^ much as emit any Fume, which 

< can be perceived by Sight. In like 

< manner the great Weight of the 

< Atmofphere, which lies upon the 

< Globe of the Son.' (For the 
Weight of Bodies upon the Supeifi- 
cies of the Sun, is to the Weiphtof 
Bodies upon the Superficies cf the 
Earth, as the Magnitude and Den- 
fity of the Sun is to the Magn'tude 
and Denfiry of the Earth,) * may 

* hinder Bodies there from rifing up 
( and going away from the Sun in 
' the Form of Vapouis and Fumes, 

* unlefs by Means cf a far gieater 
< Heat than that which on the Sur- 

E a * fact 
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6. 7h0i 6. We certainly find in this Mais of fubtle Matter^ 
Tim^o/'the ^ ^^^^ Piopertitt which Experience ftews us» that 
Suniobieh there are in die Sun, For firft, Thb Mafs of fubtle 
isparajklto Matter, or this very liquid Body, which we may com- 
tbt Be If' ^^^ ^^ ^ gj^^^ Flame, muft necefiarily be round which 
Way IbeVer it be turned about ; that is, if it be cut by 
any Plane pardld t6 the Ediptick, in what Part foever 
the Sedion be made, it miift always be a Circle, other- 
Wife it would follow, that there were Particles of the 
fecond Element , that were not got fo hr from the 
Center of the Circle which they defcribe, as they ought 
to be ; but this is impoifible, becaufe the Heavens are 
fluid. 

7. Further ; becaujfe there is always a laige Quantity 
/««# cf tbi of the Matter of this firft Element, which endeavours 
^^X!' to go oflF from the Center of the Vortex, and which 
Eftipiiek 5 does indeed go off from thence through the Interftices 
0fA«r Mat' y^hich there is between the Particles of the fecond Elc- 
HOtToits, ^^^ > ^^ always endeavours to go off in Planes parallel 
to the EclipticK, and never tends to the Poles. But be- 
caufe the World is iuU, the Matter 'which goes thus 
off from the Sun, forces other Matter to enter by the 
Poles.. 
S. TbMt Ot S> Becaufe we confider all the fixed Stars as fo many 
foUt of tbe Sifms, which confequently ought every one of them to 
^^ have their own proper Poles and Eclipticks, from which 
jiKtdStar the Matter ought to flow in tijp Manner juft now dc- 
tfr«/w fcribed ; it is reafonable to think, that that Matter which 
gail^^ib!' ^^ ^^ ^^ ^ Places near the Ecliptick of one Star, 
Eeiiptick of enters in by the Poles of another St»r, which is con* 
fimo otbtr firmed ffom hence, that we cannot conceive how a great 
Number of Vortexes could fubfift long together, with- 
out deftroying each other, and beii^ all blended into 
^ne, if the Poles of fome did not 4ireAly correipond to 
the Eclipticks of others. 



fii^td Star^ 



* fiiceof oBt Earth wouU Teryeafily 

* turn dienl into Vapours ttA 
' Fames. And the lame gre^t 

* weight may condenie tho/c Va* 
< poors a d fixhaJations as fooa a* 

* fhfiy fha J at any time begin to af* 

* cend from the Sun, and make them 
« prefenciy fall hack again into him, 

* and by th%t Adion incsetfe his 

* Heat i mach after the manner, 



' that en <mr Earth the Air in* 

* creafes the Heat of ■ culinary 

< Fire. And Uie fame Weight 
« may hinder the Globe of tbe Sun 

* from being dimini(hed,un)efsper- 

< haps by the Eroiffion of Light, 

< and a ?ery fmall Qnantlty of Va« 
^ povrs «od Ezhaliuo&s.' Ifomt* 
Off, fag, 31S, 



9. Now 
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9. Now the Matter of the firft Ekment which ^nitn^'^y^ 
into a Star at one ot its Poles, goe$ on in a ftreight Line, r^BaJ'sodt. 
till it meets with the Particles of the fecond Element 

which are on the Side of the oppofite Pole, againft which 
ftriking and preffing with aU the Force and Impetus of 
iti Motion, it is refleAed, and then turned round in 
Planes perpendicular to the Ecliptick ; and being moved 
every Way and on all Sides, it, puflies away the Particles 
ef the fecond Element, which were got nearer than the 
reft to the Center of the Star which they incompa&; and 
coafequently it muft by thb Means become round, not 
only at the Poles and die Ecliptick, but on every other 
Side of the whole Mafi : It follows therefoxe, that the 
Sun is an exaA and perfed Globe. 

10. We fee alfo, that the Sun ought to be luminous, JJ;^;^'^ 
becaufe the Matter of which it is compofed, by pufbing '' 

all round, adds to the feveral Motions which they had 
before to make them a lufuidBodv, fuch an Impreffion as 
is requifite to make them, when tney fall upon the Bottom 
of the Eye, ihakeTthe Extremities of the iinall Nerves 
which are there, and fo caufe the Senfation of Light. 

11. It b eafy to collet from hence, that the Sun is ii.^/^« 
wrtualfy hot, that is, that it has a Power to excite the ^* " ^* 
Sen&tion of Heat in us : For it was before fliewn, that 

this Power neceifarily accompanies that of Light, and is 
proportionable to it $ fo that the Sun being very lumi-* 
nous, it muft alfo be very hot. 

12. It may be obferved here, that feme of the Particles >•• Bwebg 
of wliich the Sun is compofed may fo meet together and ^s^ar^ 
be entangled with each oilier fometimes, that though Aey firmed. 
continne in Af otion with rdpedl to the Particles of the 

Jbcond Element, with which they are furrounded ; yet 
with refpefi to each other they are at reft, and fo com-^ 
pofe an opake Body, like the Froth formed upon the 
Sur&ce of Li^piors when they begin to boil ; And this 
may ferve to account for thofe Spots which we often fee, 
by the Help of Telefcopes, upon the Body of the Sun. 

13. It is alfo obfervable with regard to thefe Spots, that '3* ^f 
we never fee any of them, but near the Ecliptick ; becaufe, a^^^Lt 
though any one of them fhouU begin to be formed near «««r tbg 
the Poks, as foon as it becomes pretty large, it muft be ^*^P^'^ 
forced to quit thofe Places, and retire towards the Eclip- 
tick; for the Matter which defcends from the Heavens^ 

and enters in at the Poles of the Stars, will pufh it and 
drive it that Way ; and according to the Laws of Motion, 
the Tendency which it has to go off from the Center of 

E 3 the 



70 • RO HJULT's S^%rtu Part II. 

the Circle which it defcribes, will caufe it to approach 

the Ecliptick as the moft remote Place. 
t4.^jn>ytbt j^^ ^nd it may fo happen, that fuch a Number of 
£un '/J *^^^^ Spots may be formed, and they may be fo ftop- 
noeakned ped by each other, as to cover almoft the whole Body 
fomettmes, ^f ^.jjg gyj^ . ^^j ^j^jg agfces with what we read in fbme 

Month! to- Hiftorians, (i) that the Sun has fometimes appeared with 
getbir. a very faint Light for a whole Year together,- fo that 

Men might look fteadily upon it .without dazling their 

Eyes. 
n^.rbat ' 15. And betaufe, during this Time, the fixed Stars 
tbiiH^eak' jy not appear lefs luminous than ufual ; it is manifeft 
^SunUiAgbt *^^ ^^^ Weaknefs of the Sun's Light cannot be im- 
is not to be putcd to any Vapours or Exhalations in the Air ; for if 

^'b'^^c/j ^^ ^^ ^" ^°' *^ ^^^^ would have been hindred 
and that 'the ^^^ fliining likewifc. And this fhews us alfo, that the 
jixed Start fixcd Stars do not borrow their Light from the Sun 5^ 
tr\bli ^^^ if they did, they would not have- appeared fo bright 

Light from asufuah . . 

the Sun. 1 6. The Comparifon which we juft now made be- 

^tpon'^a'e ^^^^ *^^ ^P°^^ ^^ ^^ ^""' ^"^ ^^'^ ¥roxh which ga- 
Sun may thers tc^ether upon the Surface of Liquors when they 
difappear, begin to boil, give uS Ground to think that they may be 
diffipated in Length of Time as Froth is ; either becaufe 
the liquid Matter of the Sun, which is in a very, quick 
Motion, and agitated to the highcft Degree, begins to 
difunite the Bottom Parts of the Spots, whofe Particles 
w^re flopped by each' other ; or becaufe this Matter 
gets over the Spot which fwims upon the Surface, in 
the fame Manner as boiling Liquor rifes up and Aides 
<>vejr the Froth, and at laft finks it to the Bottom of the 
Veffel. . ' •; 

jy.Prhythe 17. It may be obferved alfo, that if any of thefeSpots 
tri'bf^'-"' difappear in this manner, the Liquid Matter which paf- 
thJt Place ^^ ^^ K\i.z^ over it, and whofe Paffage is thereby ftreight- 
wbere the ned, and its Motion . accelerated, muft prefs upon and 
fuHeZfore P^A*' ^J^^rd morc ihan ufually, the Particles of the Se- 
cond Element which are againft this Place, and fo caufe 
us to perceive a brighter Light there, than in any other 
Part of the Sun's Surface ; and this is confirmed by Ob- 
fervation : For it fometimes has happened, that upon tlie 

(1) That the Sun hat fometimes Antony ; it being ^crJe f(.r almoji s 

^Ppearedyicc) PJiny, Book II. Chap. whole Tear togefher. And Biutareb, 

30. 7 here have been prodigious and Of liit Q|ttnioiit of the Fbilo^ophrrs. 

t/ery long Eclipfes of the Sun r^' when. Xenophanes wrifes of an EcUpJe q/ 



Csefar the Dilator ivas killed, and t'.e SunJ^jf a %vhole Month m 
St the Time •f the pyar with ^NLirk 
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Chftp. 25- ^/Natural Phi LOSOPHY. . ji 

difappearing of a Spot feen in the Suif s Bodj one Day, 
. an extraordinary Flame hath been feen to fucceed it the 
next Day. 

1 8. It is alfo reaibnable to think, that fome of thefe i^- ^^»w, . 
Spots may be fa thick and denfe, as to require a very ^^J^apblar- 
long Time to diflblve them intirely ; they may therefore aiim a 
rife up. again to the Surface of the Fluid in which they («^f»' 
were immerfed, and be immerfed in it again afterwards, 

before they aie wholly diflipated: So that, we need not 
be furprized when we fee fome of the Spots upon the 
Sun's Sody difappear and appear again, in lefs Tim^ 
than we cai^ conceive them to be entirely diflipated, and 
new oi^ fprmed. 

19. If the fixed Stars are liable to the fame Alterations, 79. How 
fince they are at vaftly greater Diftance from us than/'""-^**' . 
the Sun i it is eafy to ims^ine that they may entirely jifJL^^ 
ceafe to be feen, when under fome Circumftances, in and Mew 
which the Sun would appear only lefs luminous. Whence ^"^ ^/^^^f 
it is not at all wonderful, that we fliould now fee fome 

fixed Stars in the Heavens, which the Antients could not 
fee ; and that .they obferved fome in their Time, 'v^'hich 
we cannot find now : Nor was there any Wonder in that . 
famous Star which was firft feen about the loth of No- 
vernier in the Year 1572, amongft the Stars in the Con- 
ftellation called jCaJftopeia^ (i) which appeared all on a 
fudden larger and brighter than any other fixed Star ; 
but afterwards grew lefs and weaker, till at laft it wholly 



(l) Which appeared all on a fud- 
den, Ac.) The Appearance of new 
Stars is much better accounted for 
Arom the Theorjf o^ Comets. For 
though fome of the fixed Stars may 
befo very remote from U8» as not to 
be feen by the Help of our befl 
Glafles, yet as they are fiery Bodies 
like the Sun, if any new Matter or 
Fewel be added to them, they may 
<Mi a fudden blace out lo as to be feen 
by the naked Eye, brighter than any 
other Star ; and as this Fewel is de- 
voured, they may diminifh in their 
Brightness, and by Degrees return to 
their firft invifible State. Aad that 
Comets might probably fupp'y them 
with this Fewel, See Sir Ifaae 
Newtm^-M Frtpicip, Book III. pag. 
4.S1. < The Comet which ap- 
' peared In 1680, in its Perihelion, 
* was' a6t fo far di(%ant from the 
< Siw, « the filth PAitof thc2un*s 



Diameter, and by reafon of its 
very great Velocity in this nearnefs, 
and fome Deofity that there is in 
the Sun's Atmofphere, ft muA 
meet wiih fome Refinance, and be 
a little retarded^ and approach 
nearer the Sun 5 and by approach- 
ing in this manner nearer and 
nearer to the Sun every RevoJu- 
tton, it muit at laft fall into the 
Body of the Sun. And in its A- 
phelion, where it moves floweft, 
it may fometimes be retarded by 
the Attradlion of other Comets, 
and at fome time or other fall into 
the Sun. And fo the fixed Stars 
likewife, which by Degrees wafte 
themfelves by fending forth Light 
and Vapours, may be fopplied by 
Comets falling' into them^ and 
by the kindling of this new Fewel 
in them, they miy be taken for 
new Stars.* 



£ 4 
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diappeared in March 1574, without having at «H 
changed its Situation which it had at fixft^ with f^ard 
to the fixed Stars which were round about it. 
to* ihaitU 20. From what has been hitherto faid, it foUows-, that 
Sun it riot ^ gun ought to bc placed in the Gent«' of that IhegJbix 
Tb^ciM^ space, which is poffcffed by his Vortex, anwhgft At mmy 
of hiifor^ other Vortexes, which have fixed Stars in the Gehtent 
'«** of them. But if we confider that Ae Matt^ of the 

s firft felement which flows out of one Vortex into mofthtr^ 
'my not be determined to go direSly to the Center of 
this other, we may conclude, that the Star in iwie Vdr*!- 
tex ought to be in the Middle between the Oehter of the 
Vortex, and the Place which the Matter of the fiift E- 
lement, fent out of other Vortexes, tends to. 
»t. 7fc/ 21. This being fo; all the coeleftml Matter which 

^slf, A t' ^^^ ^^^ ^ ^^^' ^^^ ^ ftrcightencd and forcM m^ a 
licjm. ^^ narrower Channel i;n fome Places diah in others, aiid by 
thfs Means,, the Circles which are defcribed by diSerei^ 
Portions of this Matter, will be exbentrick with reipeA 
to the Star about which they move ; and this is the Rea- 
Ion why the Earth does not always move at eqtal Di*- 
fiances from the Sun. Befides, as C9aff and Pieces of 
Wood, fwimming upon the Surface of Water that turns 
round, do not always defcribe the fame Circle, but 
defcribe Circles fometimes hearer and fometimes further 
off the Center of the Vortex, fo in like manner the 
Earth in turning about the Sun, does not always necef- 
farily defcribe the fame Circle : And hence it is, that 
the greateft Diftance betwixt the Earth and the Sun, or 
its Jpogaumj may alter in different Ages, and be obferved 
fometimes in one Part of the Firmament and fometimes 
in another. 
7-2. The i22. In order to explain the whole apparent Motion of 

^eafon ivby ^he Hcavcns, there remains nothing but to find out the 
^lis Zfpt' Caufe, why the Earth in its annual Motion about ^ 
always fa- Sunis Carried infuch a manner, th^t its Axis always con- 
r^/f^'^ '^ tinues parallel to its felf, or which is the fame thing, its 
Poles always are directed to very nearly the fame Points in 
the ftarry Heaven. But this will not be very difficult 
to account for, if we confider, that th^ diurnal Motion of 
the whole Mafe compofed of Earth, Water, and Air 
determines the fubtle Matter, which is in continual 
Agitation in the inward Parts of the Earth, to retire front 
its Axis, and go off in Planes parallel to the £qi*ator ; 
and that at the fame tim6 there muft necefferily enter 
into thofe Parts which are near the. Poles, a like Quantity 

of 
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^ ^t fiune iort of Matter flowing from jtho Parts netr 
ttie Ediptick of feme nd^iboiiriiig Vortex : For it ie 
eafj to oonclade from hence, tint when die Earth has 
onoe begun to receive the Matter which comes from one 
particular Part of the Heavens^ it will continue to re- 
ceive it more convenientljr, than it will do any other 
Matter tiiat oooms fix>m other Parts ; becaufe its Pores 
aie more fitted to itceive it, and it can enter into them 
without Intemiption : Wherefore tbefe occult Pores 
which "we conceive to be paraUd to the Earth's diurnal 
Motic^, muft neceflarily be fo placed, ( t) that the Mat- 
ter which enters into them, muft enter du«£Uy in ; which 
if it does, the Poks of the Earth muft alwa]^ bedir»£led 
to the fame Parts Of the Heaven, and confequently its 
Aids keep sdways parallel to it felf. 

23. In 
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fi) Thai tit Uatur vMth nitrt, 
at) tbat the Vartetei of Matter 
fti wkkh the PJanett fwiifi« are 
awre fldioAB and coatnry to the 
yto i Minin i of NatQic} It etideot 
littBi die foUowiol Argomentt t 

F^ir/f, The imtoenfe Spate of the 
World ia lb frr from heing foil 6f 
Matter (which ittKf^iiarjr Pleitum is 
the fbta Foondadott of the FiAloA of 
Vortexei} that 011 the fiootrBiy* that 
^ace frtilch !• fillM with hfatter, 
Man 00 Proportion at all, to that 
immeafe Seace which it roU of aU 
ifittcr. Sa the NUtt w Pari I. 
Cimp» ^ili. Art. a. 

SecoiuBft It it evident ftom the 
Modoo of Coiaetty which pnA very 
ftedy m the heavenly Spacet ailWaya 
and irom and to aU Partt, (in Orbt 
which CBt the PUnett Orbt at all An* 
(iei) that tlie Ptaoett cannot be Car* 
lied along by Vortexes of Matter. 
fbirdfy, ' According to the Laws 
of Aftronomy a Body wliich re- 
volves in an SxtuHriei Orb^ Moves 
flower in its Apbdioh, tod quicker 
in its FeribtiioH j but iccordifig to 
the Inws of Mechanicks , the 
letter of the Vortex ooght to move 
fwiftcr where the Place is ftniter 
and more comfre/id, that it, in the 
Aphelion, than where the Place is 
w:der« aid Ufi comfr^d, that it 
intbePeribtltftif which two things 
contradift etch other. Thot In (he 
beginnSng of the Sign yirgOf where 
the Aphelion of Man now is, the 
Difiance betwixt the Orbt of Mart 
a^l Vtni^s, is to Che Oiftance be* 



tween die finne Orbt in die begin- 
ning of the Sign Pifut hi die Pro- 
oortion of three to two very near- 
ly : And thereftfe the Matter of 
the Voltex contabicd between thofe 
two Orbt ought to move farifhnr in 
the Beginning of Fifia^ than in 
the Beginning <lf#7r|[o in the fame 
Proportion of three to t«Vo ; For 
theftraiter the Space It, through 
which the liime Qnante of Mat. 
ter paflea in the fiime Itaie of one 
Revolution^ with £> mudi the 
greater Velocity ought it to pa6. If 
thetefbre the Earth "were carried 
along hi thisCfeeleiHal Matter, be* 
ing reladvely at reft with it, and re- 
volved together with it aboot the 
SunJ iCtVelodty in the Beginning 
of ri^^ would be to itt Velocity 
in the Beginning of Virgo^ in a 
fefquitlterate Ratio: Whence the 
apparent diuraal Mbtion of the Sun 
in the beginidng of Virgo, would 
be more than feventy Minutes, and 
in the Bcgbmitig of rifiot left than 
forty eight Minutes. Whereas (tve 
find by Experience) the apparent 
Motion of die Sun it greater in the 
Beginning of Pz/^ef, than in the Be« 
ginning of y*rg9f and there/brp 
the Earth moves fwifter in the Be- 
ginning of ^13(0 than in the Be- 
ginning of Pifetu The Hypo(heQ$ 
therefbre of VorteSis direQiy confr- 
tradi^ the AflMnomical Pbaeno- 
mena, aod tiods more to confound 
the CcIefUal Motions than to ex- 
plain them.* SieNntft. Princifn 
Bo9k II, SdMi 10. PfOp^, LTIf. 

fntrtbly. 
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^l^lbattbi ^23. In order to conclude. my Opinion concerning the 
Planet i an ^2Lt\irt of the Plancts, in few Words ; we may add to 
Jffb^ical what has been already iaid erf their being fpfaerical Bodies^ 

Bodieu ... which 



Fourthly i ' If three equal round 

< Veffcis be filled, the one ^ith Wsi- 

< ter, the other with Oil, the thitd 

< with molten Pitch, and theXiiqaors 

* be ftirred about alike to give them 

< a vortical Motion ; the Pitch by its 
' Tenacity will loie itcMoCion quick- 

* ly i the Oil being, lefs tenacious 
« will keep it longer, and the Water 
' being leis tenacious will keep it 

< longeft, but yc^ wUl lofe it in a 

* fhort time. Whence it is eafy to 
« underftand, that if many contiguous 

* Vortices of molten Pitch, were each 

* of them as large as thofe which 
' feme fuppofc to revolve about the 
'Sun and iixed S(ars»yet thefe and all 

* their Parts, would, by their Tenacity 
' and Stifiaefs, communicate their 
' Motion to one another, tUl they ajl 
' reded among themfelves* Vortices 
' of Oil or Water, or fome iiuider 
' Matter, might continue longer in 
' Motioii. ; hut uniefs the Matter were 
.' void of aiJ Tenacity and Attrition 

* of PacX«> and Communication of 

* Motion (which is not to be fuppo- 

* fed) th« Motion would conilantiy 

* decay.' * Opticks, fag. 374.. 

It is evident therefore that the 
Planets are not carried along in Vor- 
texes of Matter as in a River. But 
it now appears from the mofl; ex- 
a^ Obfervations of the Phaencmesa 
of the ooeleftial Motions, that they 
are fo placed in the moft free and q. 
pen Spaces, aa to revolve about certain 
Centers by a Force compounded of 
Gra'vity and a Proje&ile Motion in 
ftrelgbt Lines y which were impreffed 
upon thrm by Qcd at the Beginning; 
vix. thelarger Planets about the Suq, 
and the Satellites or Moons about 
their own Planets ; I (h^W explain 
the Whole of this in a few Words. 

Becaufe all Matter gravitates to- 
wards all Matter^ in a certain Pro • 
portion to the Quantity and Diflance 
(See the Notei onCi^f xxviii. of this 
Part.') And becaule the Body of tl^ 
Sun is much Ui^ger than all the Pla- 
nets put t< gethej4 ^' is manifcA that 
. if all the P.'anets were at reil in 
their proper ^lacesj they wculd by 
their own Gravity bo carried d'reftly 
into^lhe Spa* 



Now becaufe the Cafe was tbar^ 
and ail the Planets gravitated to- 
wards the SiUy Ood impreffed apon 
'them a projediU Motion injireigbt 
Lines alfo , in fuch a manner as to 
be perpetually palPd fronni the 
flreigbt Lines «nd kept from flying 
off horn their .Orbs by Gravitation, 
and at the fame Time to be perpe- 
tually urged on hyxhAt frojeffiie Afa. 
tion, left they fhoald fall into the 
Sun by the Force of their Gravita. 
tion ! So that by thcfe two Forces 
' a^ing together, they muft neceflarily 
be carried in fome curved L:ne about 
the Sun ; juft as a Stone turned about 
in a SUog, by being perpetually hin- 
dred by the String from ^ying off^ all 
the while that it endeavours to recede 
froip the Center by its proje£lile Mo- 
tion, deicribes a Circle. 

This will be plainer by looking 
. on the Scheme. Let S be the Sun> 
A a Planet ; and in • 
the firfl Moment of Tab. XVIII. 
Time, letAdefcribe Fig. i. . 
by its projectile Mo- 
tion, the right Line AB ; in the fecond 
Moment of Time^ if nothing hind red 
. it, it would go on ilreight to c, and 
defcribe the Line Be equal to AB* 
But when it comes to B it is pulled 
. hy its Gravity, and made to decline 
from the (freight Line Be, and to 
go in the flreight Line B C* So 
iikewife when it comes to C, it is 
pulled by its Gravity and made to 
decline from the flreight Line Cd,arid 
to go in the ilreight Line CD. Now 
if the Number of the Triangles ASB, 
BSC, CSDj be infinitely .increafe4^ 
arid their Breadth infinitely dimin:/h- 
ed, their laft Perimeter ABCDEF 
will be a curve Line ; and Co the 
Gravity by which the Planet is pulled 
from the Tangent of the Orb, will 
a£l cont'noary, and. the Pianet will 
alfo be carried in this curve Line a- 
bout the Sun. 

If the projeSIile Velocity be fo ex- 
a£lly adjufted to iht graviiatingFcrce 
as to balance each ^ther in fuch a I 
. Manner that the Planet Ihall neither 
aoproach nearer to, nor recede fur- 
ther from the Sun j in this Cafe the 
Planet vlU defcribe an cjca£t Circl^ 

about 



Chap. 25. (j/* Natural Philosophy. 

which fhinc by the Light 
that their Superficies cannot 



nhoQt the Sun ; that is^ if S be fup- 
pdedthe Center, and SB the Radius 
of a Circle^ ESC the Angle genera- 
ted in a Moment of Time, Be or 
BC the Tangent, Arch or Sine of 
this Angle, and Co the verfed Sine 
of double this Angle ; dien if Be or 
BC reprefent the frojeSiU Velocity, 
Cc wilJ reprefent the gravitating 
Force : And becaufe (by the Property 
of the Circle) Cc 
Tab. XVIII. CB2 
Fig. z. =: — : Therefore 

SB 
At gravitating Force necefTary to 
make Bodies revolve in concentrick 
Circles with an equable Moticn, 
mnftbe as the Squares of their /ro- 
jeSHe Velocities, applied to the Ra- 
dius's of the Circles 3 or the gravi- 
tating Forces muft be in a duplicate 
Ratio of the projeEliU Velocities di- 
redly, aud a fimple Ratio of their 
Radiuses inversely. And if SB be 
given, that is, if a Planet revolves 
in the (ame or equal Circles with 
dif&rent projeftlle Velocities, the 
gravitating Forces mud be as the 
Squares /of thofe Velocities. 

Carol. I. And becaufe the perIo» 
dical Times are in a Ratio com- 
pounded of the Ratio of their Ra- 
dius's dxie^y, and the Ratio of their 
Velocities inverfely, thcfe being fub- 
Aituted for each other in the Ratio 
CB» 

— } the centripetal Forces will be 
SB 

in a Ratio ccmpounded of the Ratio 
of the Radiuses dire^lly, and the Ra - 
tio of the Siquares of their periodi- 
cal Times inverfely. 

CoroL'z, And hence- it will alfo 
• follow i that if the periodical Times 
be in a fefquialterate Ratio of the 
Radio8*8 (that is, the Squares of the 
periodical Times as the Cubes of the 
Radius's) and for that Reafon, the 
Velocities reciprocally in a fnb- du- 
plicate Ratio' of the Radius's, the 
Centripetal Forces will be reciprocal- 
ly as the Squares of the Radius's. 
See Nttot, Princip, Book I. Prop, 
iv. Cor%^ and 6. 

It appears by Obfervatlon that in 
tile Revolutions of the Planets a- 
bout the Sun, and the-SatelHtes about 
the Planets, that the Squares of 
iheir periodica) Times are as the 
Cubes pf thtir Pifla&ccej the gtavi- 



they receive from the Sun ; 
but be unequal like that of the 

Earth, 

tating Force therefore by which they 
are retained in their Orbs> it every 
where reciprocally as the Square of 
their Dif^ances* 

And the fiime holds true, if they 
are moved in any Conkk SdOion ; 
becaufe there is fuch an Affinity be- 
twixt a Circle and thefe Se£iions j a 
Circle may be iriade to pafs into an 
Ellipiis, and an Eilipfia into a Pa- 
rabola, and a Parabola into an Hy- 
perbola ; and as by the Property of 

BCa 
the Circle — -. is c- Tab. XVUI. 

Cc Fig. X. 

qoal to the Diameter, 
fo in all the other Sections the fame 
Quantity is equal to the Latut ReC' 
turn: Wherefore if the proje£tile 
Velocity with which the Body de» 
parts from B be fuch, that in the 
fame Moment of Time that it de* 
fcribes the Line Be, the centripetal 
Force caufes it to move through thie 
SpaCe Cc, the Body will move in 
fome of the Conick.Seftions whoie 

BCa^ 
Latus Reffum will be equal to- ■ ■ : 

Cc . 
And they will be of different Species 
according to the different projectile 
Velocities, and the different dirt6^i*> 
ons of them* See Princip, BqokX* 
Prop. xiii. Corol. 2. 

Hence it follows ; that becaufe tj^e 
Motion of a Planet is retarded as it 
recedes frQm the Sun, and accelerated 
39 it approaches towards' the Sun, 
* the Planet always defcribei equal 
Areat in equal Times* That is, if 
the Planet by moving from R - to t" 
in the Space of an 
Hour, defcribes the Tab; XVIII. 
Triangle RAF by Fig. a. 
Rays drawn to the 
Sun ; the fame Planet' in the fame 
Space of Time, will move in fucH'a 
manner from F to L, or from L to 
O, or from O to M, or from N to P, 
that the Triangles FAL, LAO, 
OAM, NAP, willbeequiltocach 
other, and to the Triangle RAF. 

This noble Propofuion mjiy alfo 
bs demonff rated in the fuilowing 
manner. Let Cc be drawn parallel 
to the Line SB ; ^ 
then becaufe the Tab. XVIII. 
Lines Cc and SB Fig. z. 
are parallel 5 the 

Triangle 
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Earth, becaufe every Part of them is vifible, viewed every 
Way. I know that my Opinion in this Matter, is 
widely difierent from that of a great lyany Philofophers, 
who think that they ought to afcribe all poffible Perfec- 
tions to every Thing that is contained in the Heavens ^ 
and becaufe they believe that an exad fpherical Figure is 
in its felf a real Perfection, they therefore affirm, tbit the 
Planets are perfe£tly round. But I freely depart from an 
Opinion which has no Foundation to (upport it, and from 
which it would follow, that the Planets would be vifible 
only in a very fmall Part of their Superficies : For upon 
tfaisSuppofition, all the other Parts of them would necei^ 
larily refleA the Light another Way, fo that it could not 
come at the Eye. Befides, this pretended Smoothnels of 
the Superficies of the Planets does not agree with Experi- 
.ence. Thus, for Inflance, we can fee with a Telefcope 
towards the Edge of the Light which falls upon the Body 
of the Moon, certain dark or obfcure Inequsdities, wiiich 
look like Shadows made in the Valleys by Mountains^ 
and which lefTen, and at laft quite difappear, according as 
the Sun Ihines more or lefs diredUy upon thofe Places : 
And thefe different dark or obfcure Places, (fome of 
which certainly proceed from hence, that there are fome 
Parts of the Moon which do not reflect fo much Light 
as others) have given Occafion to a great many People, 
when they look upon the Moon, to imagine that they 
jfee Eyesy a Nofiy and Mouthy &c. But we fee nothii^ 
like them when we kx>k through a Telefcope. 



Trian^e SOB will be equal to t^ 
TrUogie ScB, and alfo equal to the 
1!riangle SBA: That m> becaufe 
AB, BC aad CD are Lines noted 

through in equal Times (by the Hy- 
pothecs) the equal Triangles ASB, 
BSCy &e, will be equal Areas de- 
scribed in equal Times* See IVmmt. 
Trifieip, Book h Sea, iu Frvp, i. 

This if the Nature of the Motion 
^ all the Planets, as well the pri- 
isary PJaoets about the Sun, as the 
Moons or Satellites about their own 
Planets \ except only that they are 
moved in EUipfes not much different 
from Circles* 

But the proje£liIe Motion may be 
.ih very quick, that the Etlipfis in 
which the Planet is carried may be- 
come of a very great Length and 

Tab.xvni. ^«y«««tnc|f;["ch 

Phc '^> ^ *^ ^^ defcribed. 

^' ^* Aod a Planet luving 



in fuch sn Orb is called a Coam. 

Nay, th« projtdUe Mbtittn aaay 
poffibly be ib mach quicker ftUl, 
that the PJaott may be carried ia a 
Parabola, £> as never to return a- 
gain : But we do not know of any 
fuch Motion in Nature* 

Upon theie Principles the illoftfi- 
0U8 Sir JfMac N^wton^ va his wonder- 
ful Book of the Matbematieml Prim, 
dplu of PiyiUftfby, has explained 
the trueSyflemof the World, and 
/hewn the trne and adequate Cauics 
of all the coslefklal Motions almoil 
beyond the Genius of a Man* 

And in this, the Sagacity of Kep* 
hr is very wonderful, who though he 
could not detnonftrate \the Caufes of 
the ccelefttal Motions) yet he hit 
off' the true Principles by a futpri- 
.iingly happy Coajethue. See Ktp^ 
itrs Intriduaimt to the Book Of 
the Mttiw pf Mttrt9 

24 All 
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24. AH thefe things feeing fo ; we cannot t^t think *4-. TO«f *// 
that ( I ) the Planets are very like our Earth ; which would ^^utr^ 
not appear otherwife to a Man that ihould look 9X,E^rtb. 



(i) ^AeFUnua sn vpy £h emr 
Etrtb, Abc ) AmoBgft the Aocienu, 

* BitmcHdtt umI die Pytbagnt^tu 

* (voting to the Tcfttmooy etPk- 

* ttirtb. Book II. Chip.x2ii. conecfa. 
' iig the O^nions of die PhUofo- 

* ihfln) dMoght tiiet every Stir wet 

* a Woridy hettng JBOm end Air 

* forranodifig their Berth, hot efpe- 
' dmy the Moon, wYAfAt hee in it 

< m Bicet many Moootaiiiiy Cities 

< mAHodes.* Almoftall theieftof 
Aem, thooght th«t all tiie Start were 
ef a fiery Nateie. Bot it apptars 
BDW, that the Pianett are all of dieoi 
mnlce te r r eAria l Bodiei> but ibme of 
tiieBi aaoee iknfe tlnn the Earth, 
fir the Denlity of th^ Pianett are 
rec i pr ocal ly at their Diftancet from 
the Son, flMlttplied by the Roots of 
thdr apparent DiAflset^t feen from 
the Son. ^«f«re thoefore it much 
rarer tlvin the Earth, and Mercmrf 
medi denfcr \ and the Denfity of the 
Ifooa to that of the Earth, is very- 
nearly at 700 to 387. Ntwt,Prin. 
t^ BwklU, prof. S. C«r. 5* and 
Prof. IT* C^» 3. 7b» Body of tht 
Mom therefore it denjer and more ter-^ 
n/hiai tban ourEartb, 1 wonder this 
fiould escape the learned Mi'LeClerc, 
who coAcbides the contrary frofn the 
lune Principles. The Moon it not only 
ifs tban the Earth, about which tt 
SMtwf , but conJip» aljo of Matter left 
denfgffrMm the Principle fo often men- 
tmed already, that the tnofi denfe 
Tbitigt are the heaxrie/f, that it, get 
tbenearefiefattto the Center ^ about 
which tBty movfe. Natural Philof. 
Btok I. Chap. viii. St6t. 22. 

But GaiiJens fpeaks rery well of 
the Similitude which there is be- 
tween the Planets and the Earth, in 
hltSyAcm of the World, Dial, u 
'Whether, Jayt be, there be any 

* HeriM, Plants or Animak like oers 

* grbwing in the Moon or any other 

* Phmet, or whether there be any 

< Raia <ir Wind, or Lightning pro- 

* doced there, as there is upon the 

* £arth,-I neither know nor believe ; 

* auich k& that there #re Men dwe|* 



Jing there. B«t howerer I don*t 
fee how it aeceflarily Ibltowt, that 
becaufe there growt nothing there 
like any of thcThings here ; there- 
fore there can be no Alfetradoa 
made there at all, nor no other 
Things altered, generated, and dif- 
foliKd, which are not only diffinrenc 
from ours, but fuch at we cannot 
hare the l^lb Notion of at all, nor 
fo much u think about. For at I 
don't doubt but tha( if a Perfin 
were bom and brought up in a large 
Wood, amongft wild Beafts and 
Birdff, and had never known any 
thing of the Element of Waier, 
it wnuld never h.ive entered into 
hit Imtginatinn to think«that thern 
was in Nature a World difierent 
from the Land, full of Antmala 
which could move very fwlftljr 
without Lege orWing8,ajid that not 
upon the Superficies only, ns Beafb' 
do upon the Giound,but at the verjr 
Bottom of all, and not only f( , but 
they can ftand ftiil in any Pace^ 
which is more than Birds can do 
in the Air. Nay further, that Men 
dwell there and build Palaces and 
Cities J and that they Imvc fo quick 
a Method of Travelling, that they 
can without aoyPains remove their 
wholeFaroilies, Hoo£et,and tlie very 
Cities themfelves into the moft di« 
fiant Countries $ as I fiy it is very 
certain, that fuch a Perfon, tho*' 
he had never fo quick an Imagine* 
tion, would never think of Fijbet, 
of the Ocean, of Shift, and Fleett ^ 
fo it may equally, nay much more 
probably be, tluit in the Mooo^ 
which is at fo gi>eat a Diftance from . 
Ds, and the Matter of which may 
perhaps be fo very di&rent from 
tjiat of our Earth, there may exift 
feme Beings, who may ad in ar 
Manner which we can have no 
Notion of, and intirely dilierent 
from us, as having no Refemblancc 
at all to us, and therefore fhch 
as can in no wife enter into our 
Thoughts. * See affo HngeMtrnt** 
Planetary fFbrlds, Book U 
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it from the Moon (i) than the Moon does to a Man who 
beholds it from the Earth. Not that I would venture to 

afErniy 



(l) Than the Moon does to a Man, 
&c.) Befidea the Sitnilitade that 
there ii betwixt the Planets and our 
Earth, with rcfpeft to the Bodiei of 
them, and the Things contained in 
them ; there balfo another Similitude 
between them with regard to extcr- ' 
aal Things, vix. the Pbaenomena of ' 
thecceleftial Motions, and the mutual ' 
.Afpe^ of the Planers obferved from 
thence. Which Subjed Hugenius in 
bii Planetary fyorl^ty Book II, having 
treated very pleafantly and very a- 
ibonomicaljy, we wiJl here pick a 
few Things out of him, and will' 
fttppofe, that there are fome rational 
Creatures in every one of the PJa- 
aets, capable of obferving ihe Moti- 
ons and Phznomena of the Heavens 
irom thence« 
. * Tobcginthenj/iryi/xf, with the 

* innermoftand nearefttheSun ; we 

* know that Mercury is three Times 

< nearer that vaft B dy of Light 

* than we are j whence it follows, 

< that they feehim three times big- 

* ger, and-feel him nine times hotter 

< thaa we do. Such a Degree of 

< Heat would be intolerable to us, 

* and fet on fire all our dried Herbs, 

* our Hay and Straw that we ufc. 

* And yet there is no doubt but that 

* the Animals there, are made of 

* fuch a Temper, as to be but rao. 
*• derately warm^and the Planets fuch 
•as to be able to endure the Heat. 
' .The Inhabitants of Mercury , *tis 
*• likely, have the fame Opinion of us 
« that we have of Saturn, that we 

* muft be intolerably cold, and have 

* little or no Li§ht,we are fo far from 

* the Sun • The Aftronomy of 

* thofe that live in Mercury, and the 

< Appearance of the Planets to them, 

* oppofire at certainTimes to the Son, 

* may be cafi y conceived by the 
« Scheme of ths Copernicm Syftem* 

< At the Times of thefe Oppofitions, 

* Venus and the Earth muft needs 

< appear very bright and large to 

* them* For if Vtnu} fliines fo glo- 
« rioofly to us when ihe is but like 

* liie Moon a little after it is new j 

* file mi ft nccefl^rily in Oppofitipn 

* to the Sun, when flie is fui, be at 

< leaftiii cr icvcn limes larger, and 



* a great deal nearer to thelnhabitants 

< of Mercury, and a^rd them Light 

* fo ftrong and bright, that they have 

< no Reafon to complain of their 

< want of a Moon. What the Length 
' of their Days are, or whether they 

< have different Seafons in the Year, 

< 18 not yet difeovered, m b ut his 

* Year is fcarce the fourth Part £> 
' long as oun. 

' The Inhabitahti of Venut have 
' much the fame Face of Thii^ me 
' thofe in Mercury , only they never 
' fee him in Oppofiitibn tt> the Sun, 

< which is occafioned, by his never 

< removing above thirty eight De- 
^ grees or thereabouts from it. The 

* Sun appears to them larger by half 

* in his Diameter, and above twice at 

* big a Face, as to us, and by Conie- 
' quence affords them but twice as 

< much Light and Heat, fo that they 

* ate nearer our Temperature thaa 

< Mercury. Their Year is compleated 

* in feven of our Months and a half* 

< In the Night, our E^rth, when It 

< is on the other Side of the Sun from 

< Venui, muft needs feem larger and 
' brighter to ^nvr than ihe ever doea 
( to us* 

< But Mars has fome Parts of him 

< darker than ether fome. By the 
' conftant Returns of which, his 

* Nights and Days have been found 

< to be of about the fame Length 
' with ours. But the Inhabitants have 

* no perceivable Difference betweoi 

< Summer and Winter, the Axis of 

< that Planet having very little or no 
' Inclination to his Orbit, as has been 

< difcoK'ered by the Motion of his 
' Spots. Our Earth mufl appear to 
' them almoft as Fienus does to o>i 

< and by the help of aTelefcope w/ll 
' be found to have its Wane, Increafe 

« and Full, like the Moon. Hii 

' Light and Heat is twice, and foflie- 

* times three times lefs than ours, 

* to which I fuppofe the Conftitotioa 

< of the Inhabitants is anfwerable. 

< In Jupiter the Length of their 
' Days are equal only to ten of out 

* Hours ; but their Years are equal to 
' twelve of ours, and they enjoy > 

* perpetual Equinox there. The Sun 

< appears to them who are upon it 

( five 
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affirm, that there are living Creatures in the Moon, or 
that they generate, in the fame manner as upon the Earth, 
becaufe though this be a thing poffible, yet it is alfo 
poffible that it may not be fo. For in things which 
cannot be certainly determined' by Reafon, I think it 
very rafli to perfift in an Opinion contrary to the com- 
inon Notions. 
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Bvc times Icfi in Diameter^ than it 
does to us, and confequentjy they 
have buf the twenty finh Part of 
the Light and Heat that we receive 
from ic But that Light is not fo 
weak as we may imagine, as is 
plain by theBrightnefsof that Pla- 
net in the Night ; and alfo from 
hence, that when the Sun is fo far 
eciipfed to us,as that only a twenty- 
fifth Part of his Disk remains un> 
^ covered, he is not £eni}biy darkned* 
But if yoa have a Mind exadly to 
know the Quantity of Light that 
Jmpittr enjoys,you may take aTub« 
of what Length you pleafe> let 
one End of it be dofed with a 
Plate of Brafs or any fach Thing, 
in the Middle of which there muft 
be a Hole,whofe Breadth muft have 
the faaoe Proportion to the Length 
of the Tube, as a Chord of fix Mi • 
autes bears to the Radios \ that is, 
about at one is to five hundred and 
feventy \ Let the Tube be turned 
£>te the Sttn,that no Light may fall 
upon a white Paper placed at the 
End of it^ but what comes through 
the little Hole at the other Ead 
of the Tube. The Rays that come 
through this will reprefenttbe Sun 
upon U&e Paper,o^ the fame Bri^^t- 
ne& that the InhabiUnts of Jupiter 
fee it in a clear Day And if you 
remove the P» per and put your Eye 
in the fame Place, you will fee the 
Sun of the fame Magnitude and 
Brightneis as yoa would were you 
in Jupiter . If ynu make the Hole 
twice at little in Dinmeter, there 
will tail upon the Paper and upon 
the Eye, the feme Light as the In- 
habitant t of Saturn have. And 
although this Light be but a hun- 
dredth Part or ours, yet you fee 
it makes Saturn .fliine tolerably 
bright ia a dark Night,* Further^ 



they in Saturn can fee but one of the 
other Planets, and that is Jupiter j 
fo hkewife they in Jupiter can lee 
only Sutumy for the reft are too 
near the Sun to be feen. The fixed 
Stars, by Reafon of their immenfe Di*« 
ftance, may be feen from Saturn and 
Jupiter, in the very iame manner and 
in the fame Figures, and diftinguiih'd 
with the fame inecjuality of Light, as 
we fee them* It is not to be doubted 
but that Saturn by his five.Moons^ 
and Jupiter by his four^ have a great 
Advantage above us with our one 
Moon* But the moil (urprifing Phae-' 
nomcna, muft necefifarily be pro., 
duced by that Ring which we men* 
tioned furrounding him. There is 
alfo a very great Diflereoce betwixt 
Summer and Winter in 5<7rvr», be-< 
caufe of the great Inclination of his 
Axis to the Plane of his Orb, which 
is thirty one Degrees, whereas ours 
is but twenty -three Degrees and a 
half. A Year in Saturn is fquil to 
thirty of our Years \ but what the 
Length of the Day is, is not yet found 
out. . 

Laflly, The Moon is divided into^ 
two Hemifpheres in fuch a manner, 
that they who inhabit one of them, 
have al%frays a Sight of our Earth, and 
they who inhabit the other,never fee 
it at all. They alfo fee our Earth, 
much larger than the Moon appears 
to us (and wh'ch is very wonderful) 
hanging always at the fame Height 
above the Horizon as if it never mo« 
ved, and turning about its Axis ia 
twenty four Hours, and its Light In- 
creafir^g, Full, and Decreafing every 
Month. The Moon alfi receives 
from us fifteen times as much Light 
as we do from \i : The Sun alforlfes 
and fets once in every Month of ours, 
which makes the Days and Nights 
very iorg. 
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CHAP. XXVI. 

Of C M Ers. 

i.Wbyvjt TTT H E N I gave an Account oiF the Obfervations oF \ 
tr$atofCo^ W the feveral coeleftial Bodies ; I fhould have menti- 
^^i^ oncd thofe made from Time to Time about Comets ; butr 
^ * 1 purpofcly forbore this, beo^ufe I know that they ara 
not, in the common Opinion of Philolbpheis, reckoned 
amongft the heavenly Bodies 5 and becaufe I was un- 
willing to increaie the Difficuky ol the Sub]e6^ I was 
handling, by adding a Thing which recjuiree much At- 
tention, and which is but litde underftood hitherto. But 
now, &eii^ Men have always had a great Curiofity to 
undarftand the Nature of Comets, I think I oi^ht not 
fo far to lay afide this Mat(er, as not to &y at )e^ what 
is moft certainly known about it ; leaving it to tl^em 
who fhall come after, to philofophife in a different Man- 
ner, if any new Obfervations that (hall at any time be 
macie, obligi& them to alter our Hypothefis, or to mend 
our Opmion, 
9,mtatwt 2. We m^an by Comets^ certain luminous Bodies, 
mean by s which fometimes appear amongft the Stars, and ieem of 
^^"^* different Magnitudes, fon^etimes about the Bignefs of 
Marsy Jupiter J and Saturn. Their Light is very weak 
and faint, fo that when the Sky is moft clear, they ap- 
pear no brighter, than Mars^ Jupiter^ and Saturn do, 
when it is a little Foggy. 
3. Of the 3- The Body of a Comet is ufusdly attended with cer- 
Bayt vobkb tain Rays of Light, which are weaker, the more diftant 
^ZZt StfX! ^^^y g*^w, and which always diffufe therafdvcs accord- 
\dm9fCo'' ing to a certain Rule, which is well worth obferving, ^ 
»«'«• viz. If the Comet be very nearly in Oppofition to the 1 

Sun, thefe Rays difiufe themfelves equally all round it, ^ 
and look as if it were furroundcd with Hair ; whereas if 
it be in any other PoTition with jeefped to the Sun, they 
always extend themfelves to that Part of the Heavens 
which is oppofite to the Sun : Thus if the Sun be Eaft j 
pf the Comet, it will dart its Rays towards the Weft ; 
if the Sun be Weft/of it, it wHl dart its Rays towards the 
Eaft ; and when all its Rays are fent forth in this man- 
ner towards one Side, they will appear of a great Length, 
fo as fometimes to take up almoft a twelfth Part of the 
whole Compafs of the Heavens, 

4. There 
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4. There is no certain Rule for determining theTimes 4- o/tBg 
when any Comets will appear -, there are fometimes a ^hlcomtE 
great many Years without any appearing, fometimes more a^aring. 
tiian one appear in lefs than two Months. 

^. Neidier can the Part of the Heavens where they 5- o/tbt 
h^Si firft to appear, be determined j fometimes they ^" ^^' 
«te firft lecn near the Ecliptick, and at other Times near ^f^^* 
the Poles of the World. 

6. Nor can we certainly tell how long they will ^' y'*«'> 
continue to be feen j fot fome have appear^ only for ^"'•^**'« 
a few ly&ysy where^ othefrs have been ietn for ieveral 
Months. 

7. One principal Circuiriflance to be obferved is, that r* ^ow tu^ 
a fittle before a Comet ceafes entirely to be feen, we i^"^ ^° ^ 
fee its apparent Magnitude dimimfh gradually every Day, "' 

and alio its Light grows weaker and weaker^ 

8- They all fecm to turn about the Earth every Day 8» V '^ 
fiom Eaft to Weft, and todefcribe Circles parallel toj^^,/-* 
tiic Equator very nearly. But befides this apparent Mo- 
tion, which is common to all the Stars ; they have a 
Motion in the Heavens, which is peculiar to them, and 
which has no certain Rule by which it can be deterr 
iained ; for fometimes they move towards the Eaflr, 
Ibmetimes towards the Weft, and fometimes towards 
any other Part. 

9. The Velocity of th# Motion, which is peculiar to 9« Of Mr 
them, is not the fame in all Comets, but very difFerent^^^'' '*^*' 
and unequal i for fome ^n through more Degrees in a '^ 
great Circle than others do : Likewife the Velocity of 

the Motion of the fame Coihet is not the fame every 
|)ay ; for the Arches which It defcribes every Day, are 
imetimes bigger and fometimes lefs ; however, they 
in fuch a Manner, that if a great many ftreight Lines 
drawn froirt the Center of the Earth to the feveral 

where the Comet- appears every Day at the fame 1 

our, they will divide the Tangent which belongs to 
Place of the Comet's Orb where it moved fwifteft j 
to very nearly equal Parts. 

10. Neither is the Courfe which they take always the 10. Of the 
le ; fome of them run through a much greater Part ^^^'//^ '^^ 
the Heavens than others do; but however different 

Compafs in the Pleavens they have gone through, 

re havtf been none, or at leaft very few, that have 

obferved to. defcribe more than half a great Cir- 

that is, to have pafFed through more than half the 

eavens.' 

Vol II, F xi.When 



82 ROHJULPs System F^S. 

• < 

ti.oftbt II. When a Comet darts its Rays the fame Way 
«!^'iiako/ ^^^ *^ ^^ carried in the Heavens by its own proper Mo- 
Comett* tion, thefe Rays are called- its Beard. On the con- 
trary, when they extend themfelves to that Part of the 
Heavens which is contrary to the Direftion of its pro- 
• per Motion, they are called its Tail-, and when they 

difFufe themfelves equally all round it, they are called 
its Hair, Thus the Comet which appeared lately, about 
the Beginning of the Month of December in the Year 
1664* in the Southern Part of the World, and on the 
Eaft of which the Sun then was ; becaufe it darted its 
Rays towards the Weft, the fame Way that it tended 
by its own piroper Motion, was iaid to be bearded ; 
afterwards when it came to be in Oppofition to the 
Sun, it appeared hairy ; and at laft the Sun getting 
Weft of it, the Rays which extended themfelves to- 
wards the Eaft, feemed like a Tail. And that Comet 
which appeared a little, after, in the Northern Part of 
the World, on the Eaft of which the Sun then was ; 
becaufe it went towards the Eaft by its own proper 
Motion ; the Rays which darted towards the Weft com- 
yofed the Tail firft, which it continued to be feen with 
for feveral Days, and then approached nearer the Sun, 
which deprived us of the Sight of it, and it has not ap- 
peared fince. 
11. An /«. 12. In order to explain th^Nature of 0)mets,- fome 
&^''e?" of the Philofophere which livid before Arijiotle, taught, 
j^m of the *^2it the Heavens contained not only thofe vifible Stars, 
jincienn which Aftronomers have at all Times endeavoured to 

7he"Nature ^"^ ^^ ^^^ Motions of ; but that they alfo contained 
e/Comett. ^n innumerable Company of others, which are fo fmall 
by Reafon of their great Diftance from the Earth, that 
they cannot be feen : They add further, that thefe 
fmall Stars had a proper Motion of their own accord- 
ing to all Sorts of Directions imaginable ; and that their 
Periods were finiftied in very unequal Times. As a 
Confequence of this, they affirmed, that a Comet was 
nothing elfe but a Heap of thefe fmall Stars got toge- 
ther ; that their Meeting thus in a particular Place in 
the Heavens, was owing to their unequal Motion ; that 
this Meeting together made them vifible ; and that they 
ceafed to be feen, when they were all feparated from 
each other, by continuing to move on with their par- 
ticular DireSions. But this is not at all likely, and 
has more of Subtlety than Probability in it ; not be- 
caufe there are not a fufficient Number of fmall Stan 

for 
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fe this Pujpofe (for there are more to be feen through 
a Telefcope, than would compofe fuch a Comet ; ) but 
fccaufe we cannot conceive how it is poffible for them to 
fflcet together in fuch a manner in one Body, in all 
wofe Places where Comets appear;. and chiefly becaufe 
we can much lefs apprehend the Dependence of the Mo- 
tion of thefe Stars upon the Pofition of the Sun, fo that 
according to the various Situation thereof, thdfe Stars 
ftould reprefent fometimee Hair^ at other Times com- 
pofe the Beard^ or Tail^ of a Comet. 

13. This Opinion was rejeded by Arijiotle^ who af- i3.7A#0- 
femed, that Comets were certain Fires caufed by Ex-^^f~^'5^, 
ialations raifed out of the Earth, and kindled in the /h^^ rj bt 
^Wer Regions of the Air j and he believed that they/»/r». 
^re a great deal lower than the Moon. But this Opi- 
nion has no more Probability in it, than the foregoing 
one ; for befides that it is very unlikely that the Earth 
ftould flimifli a fufficient. Quantity of Vapours to feed 
fe great a Fire all that Time which a Comet fometimes 
appears; it would follow if this were fo, that the Light 
rf this Fire is independent of the Sun, and confequently 
^ a Comet might dart its Rays in fuch a manner as 
not at all to dq)end upon the Situation it has with refpe<ft 
to the Sun. But that which entirely overthrows this 
Opinion of >frj/?(7^i^ is, tliat Aftronomers. who lived a- 
lout two hundred Years Ago, and where defirous to find 
^t the Diftance of the Comets, which appeared in their 
Time, from the Earth, could not obferve that they had 
any fenfible Parallax at all j .which could not be, if Co^ 
toets were nearer us than the Moon, for the Moon has a 
r*nfible Parallax. 

14* We may obferve, that -thefe Aftronomers who 14- ?*»•# 
«>uld not find any Parallax in the Comets, (which \[ J^^f^'^;^* 
Ihews that they are at a vaft Diftance) contented them- comet$ are 
[felves with only fliewing, that Arijiotlis Opinion was "/^'T '^* 
'^e, who placied them in the Air : And it was fufli- ^^^^ ^ 
fcient for this Purpofe, to make it appear that they were 
[higher than the Moon. But by their Obfervations and 
tSlculations, we may colleft that they are further di- 
ftant from the Earth than Saturn j wherefore if there can 
^any other Arguments brought to convince us that they 
pire beyond this Plaaet, we ought not to make any Diffi- 
|Culty in placing them beyond him. 

' 15. And this is indeed done by a late eminent Philo- t;. ^onv 
! fcpher, who is the firft that has explained the Nature ^^^' 

[;yoL. II. F2 «>^II7SS5j 

rfCMUUt 
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of the heavenly Bodies, in that excellent Book which 
|ic has wrote concerning the Principles of Philofophy : 
For be being aiTured that there are a great Number of 
fixed Stars, befides thofe that can be difcovered by us $ 
and thinking that fome of thefe might quit the Place 
of the Heavens they were in (as well as fome of them 
which were feen by the Ancients, but cannot be feen 
now,* hive probably quitted theirs ; } he conjedhires, 
that what we call a Comet, is nothing elfe but one of 
thofe Stars, which, being by Degrees covered with Spots 
all over, fo as entirely to lofe its Light, could no longer 
keep its Place amongft the other Stars, but was carried 
away by one of their Vortexes, which imprefTed a Mo- 
tion upon it proportionable to its BIgnefs, and Solidity, 
by whkh means it may come very near the Heaven of 
Saturn^ where the Light which it receives from the Sun 
. may make it vifibk. 

^cTlftb' ^^' ^ ^^ ^^^ ^^ys which feem to compofe the 
Jj^aran'ce Beardy Tally or Hair of a Comet ; we ought not tO 
©ffAe Beard, think that thigy are cau&d by any particular matter 
TaiJyjr Hair ^j^j^jj attends the Body of the Comet; becaufe wc 

0fa Cornet^ r % \ t» r • ^ « • 

ii not in the cannot fee how the rolition of this matter and the 

fUee where Pofition of the Sun Can be in fuch a manner adjufted 

*uitTbe!^ to each other ; and becaufe of the prodigious Diftance 

which this matter muft extend itfelf to, (the Tail of 

a Comet taking up fometimes a twelfth Part of the 

whole Compafs of the Heavens ; ) both which make 

it very difiicult to comprehend how fuch matter ihould 

always accompany the Body of a Comet. 

^f. That the 17. Neither are we to think, that the Appearance of 

^i^^lbat ""^ ^^^^^ ^^y^ depends upon a Caufe like that which makes 

^bicbeaujet "s fee Rays of Light about a Candle when we look up- 

Rays to be on it wiiUdng our Eyes ; for thefe ceafe entirely to ap- 

■£^/*r' * P^*^' ^^ ^^ P^^^^ ^" opake Body between our Eye and 

the Candle fo as wholly to cover the Flame of it j 

whereas, if tfie Body of the Comet be wholly covered, 

we fliall yet fee the Beardy Taily or Hair. 

iS. ihatthe 1 8. "Biit OUT Opinion of this Pharumenm is, that it is 

Betf^Taii, eaufcd by the Rays of Light refleded from the Body of 

Vcomi'uie ^^ Comet, which, being lefraded in the intermediate 

Jeen by Re. Spacc, are fo reccivcd by th^ Eye, as if they came from 

't^^rbat y ^^^^^ Places in the Heavens, where we fee the Hair^ 

l^ cfnjec'* Beardy or Tail of the Comet. 

ture rijfree* 1 9. I could cafily fhcw that this Conjeftur& agrees I 
tbie^ perfeaiy well with all the Phaenomcna of Comets 5 
£/■ the Go. J ^^^ With regard to the Inequality of their Appearances, 
«^4. Motions, 
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Motions, Duration and apparent Magnitudes ; and with 
legahi to the Diverfity of Rays with which they are 
attended : But becaufe all thefe Things are admirably 
weD handled in the fore-mentioned Book^ and becau4 
iiich an Undertaking would carry me too far out of 
my Way, I (hall fey no ^nore ; nor will I examine now 
whether it be true, that 'the Appearance of a Comet pre* 
%es any Calamity ; for tfie Solution of this Difficulty, 
if it be one, may be deduced from what I fhall fay in 
Ac following Chapter concerning the Influences 0/ the 
Stars (i}. 
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(i) Vecaafc|Cometa arekitfeldom 
[^ and there Nature^ Motion, Dl- 
lbiiee> Taili, &c» have been but of 
late Yean aociiiately obfenred \ I wUl 
Jieie give yoii the principal Phaeno. 

• Beoa^ by which all Hypothefea ought 
to be tryed aiyi examioedi 

Fitfi diea , . the Cometa which 
Bove forward according to the 0«der 
•f the Signs, are all of them a little 

I flower t|ian nfual or retrograde, be. 

f lore tiiey dUappear, iS the Earth be 
betwixt theotHuid the Son i or elie 
they are quicker than ordinary, if the 
£arth be 00 the oppofite Side : And 
«D the other Hand i thofe which go 
contraiy to the Order of the Signs, 
are qiucker than ufiial, if the Earth 
be betwixt them and the Sun ; or 
flower than ofual, or t^tt retrograde^ 
if the Earth it on the oppofite Side. 
%• So long aa they move very quick, 
they go almoft in great Circles, but 
at the End of their Coorfe they de- 
viate firom theie Cirdes, and when, 
ever the Earth moves one Way, they 
fo the contrary* 

3* They move in Eilipfes, whole 
Foaia*s are in the Center of the Suq, 
and if Rays be drawn from them to 

i the Son, they defcribe Areas propor- 

' tionable to the Times. 

4. The light of their Head jn- 
creaies as they go from the Earth to- 
wirdf the Son, an4 decreafes as they 
come from the Suq towards the 
^Sarth. 

5. Their Tails appear largeft and 
Mghteft immediately after-tfaey have 

, pafied by the Son. 

6. Their Tails are not directly 
sjppofite to the Sun, but always de- 

I dine towards thofe Parts where their 
r^eada were before as they moved 
fdg in their dibs* 

7. And this Ocviati«n is^ fattrii 
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parikmtf lefs when their Heads ap- 
proach near the Sun, and lefs to* 
wards the Head of the Comet, thaa 
towards the Extremity of the Tail. 

8* TheTails arefomewhat bright* 
er, and terminated more diftio^iy 
on the convex than on the concave 
Side. 

9* The Tails always appear broad*- 
/r towards the further End of them# 
than they do towards the Head of the 
Comet. 

10. TheTails are tranfpareot, and 
the fmalli^ Stars may be feen thro* 
them. 

The(e are the principal Phasoome^ 
na of Comets ; and it is eafy to iea 
how little they agree with the weak 
Conje^res of the Ancients, and the 
not very lucky Ones of the greateft 
.part of the modem PhUofophers % 
not to take Notice of thefe thMcfort» 
I fhall briefly explain what fcems to 
jpome neareft to die Troth. There 
were Ibme amongft the Aodents (ac 
Pliny tells us. Book II. JCbap, 25*) 
who thought that thefe Stars were 
perpetual and came round in their 
Orbits, but could not be feen anlcit 
they were within reach of the Sun.* 
But Sentca is dearer, * 1 cannot 
fayt be, {Nat. Qoaeft' Book VIl.) 
agree to the common Opinion; 
for I don*t think that a Cimet it- 
a fudden Fire, but one of the lading 
Works of Nature,— -*->Aod why 
ihould we wonder that CometP, 
which are Sights fo feldom to be 
(een in the World, ihcnild move by 
Laws as yet to us uncertain, and 
their beginnings andendingi be hi- 
therto uoknown,whentheirReturna 
are at fuch great Diftances ?.— -The 
Time will come, when the Dili- 
geace of future Ages will bring to 
Light what now lies hid,«p«The 
F 3 Tiae 
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' Time will come wbeji Pofterity 
' wiil wonder that we were ignorant 
^ of fuch plain Thisigs.-— -— Some 

* bpdy will demonftrate at one Timt 
^ or other^ the Ways in which the 

* Comets wander, and (hew why 

* they move fo difl&rently from the 
< reft, and what fart of Tlungs anfi 

* how big they are.' 

This, the famoog Sir JfaacNnvton 
has done in our P>ys, whofe Opini> 
on 11 J in ihort this : Comets are fo* 
"^ . lid, compact, fixed 

Tab. XVIII. and Jafting Bodies, 
Fig. 3. in a Word, a fort of 

Planets which move 
with aa oblique £>eterir.inatioD all 
ways very f.eely, and continue in 
Motion a very great wki'e, contrary 
to the Courfe of the Planets. Their 
Tail is a very thin Vapour, which 
the Head of the Comet fends forth 
DPhen it is heated by the Sun. 

This being foppofed. It is evident 
firfl, Ibat tbe Comets ivbicb mcve 
forward according to ibt Order of tbe 
JSigns, ougbt to afftar to me^efloweu 
fbauufuttt, or to Be retrograde f iftba 
Eartb be betwixt tbem and tbe Snn : 
Jind OH tbe contrary, tboje wbicb go 
contrary to tbe Order of$A Signs, tec* 
Bcuttfe, as they do not wander about 
amongft the fixed Stars» bat only a- 
moDgft the Planets, (b they, like the 
Planets, according as the Motion of 
the Earth confptres with or is con- 
trary to theirs ; muft feem, fometimes 
to move quicker, (bmetimes iktwer, 
and (bmetimes to be retrograde. 

2. Comets, fi long as tbey mtwe 
quicker, muft go almoft in great CireUt, 
but in tbe End of tbeir Courfe, tbey 
cugbt to deviate, &c. Becauf^, at 
the End of their Courfe, when they 
go almoft dire^y fiom the Earth', 
that Part of their apparent Motion 
which ari&s Arom the Parallax, li^ears 
a greater Proportion to the whole ap- 
parent Motion* 

3. Comets ougbt to move in LRipfei, 
nvbnfe Focuses are in tbe Center of tbe 
Sitn, ist. Becaofe they do not wander 
with an oocertain Motion out of 



oi^e fifbitioos Vortex ii)to anot^of, 
but as they belong to the Region of 
the Son, they move 'round in an Orb 
with a cbnftant and regular Motiot^* 

4. H'be Ligbt of tbeir Heads ought 
to increafe as tbey go from tbe Eartb 
towards tbeSun,&c. Becaufe, as thcj 
move about ^mongft the pianetpi^ 
theii Approach to the Siin, muft bear 
a very great Proportion to tbeir 
^hole Di fiance. 

5 . Tbeir Tails cu^bf to appear largeji 
and brf^hteH, immediately after ibey 
batve pajfed by tbe §un. Becaufc their 
Heads being then mofl heated, lend 
forth a great many Vapours. 

6. Tbeir Tails cugbt not to be di» 
reEily oppofite to tbe Sun^ but alivayt 
to decline toivrr Is thoje Parts, %ubere 
tbeir Heads were before j as tbey movaei 
a-ong in tbeir Orbs* Becaufe fl^ 
Smoak or "Vapours emitted ftotn m 
Body in Motion afcentis upwards ob- 
liquely, always receding from chat 
Pare where the fmoafcin'g dody goes* 

7. ^bis Deviation ouibt to be hp 
near tbe Bead of u Ccinet, and robif 
tbe Comet movemtear the Sun. Becao& 
the, Vapour afcends quicker near thf 
Head of the Comer* than at the 
further End of theTail ; and fo it does 

Jikewife, when the Comet is nearer 
the Sun, than when it is further oflf., 

8. Tbe Tails ougbt to be fmsev^bmt 
brigbter and more diftinSly terminated 
on tbe convex tban on tbe concave Sido9 
Becaufe the Vapour on the convex 
Part, which goes firft, being a little 
frefher and denfer, refleds Light 
more copioufly* 

^>Tbe Tails ougbt to appear broader 
towards tbejurtber EnJtban towards 
tbe Head of a Comet Becaufe Vapour 
in free and open Space, is continittll j 
rarified and dilatd* 

lb. Tbe T(sils ougbt to be tranfpa* 
rent, andtbefmalleft Stars feen tiro* 
tbem, Becaufe the Vapour they confift 
of is exceeding thin. 

You may fee more in the famous 
Sir Jfaac Newton's Principles, Bosk 
III. from Prop. 39. Lem. 4. to tti 
^0d. 
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CHAP. XXVII. 

Of the Influences of the STARSy and of judicial 

Aftrokgy. 

TT is a common Enquiry^ whether any Influences ***^f'» 
* ought to be allowed tP 4^ Stars j the meaning of YnjiVj^l^^ 
which Enquiry 15^ to fee ifatisfied whether th^ Stare a6l tbt Start. 
in fuch a manner, as to be th^ Caufe of or at leaft to 
contribute towards thofe £fFe<fi$ which we fee product . 
on the Earth. 

2. That the Sun contributes to them, cannot he*»7hattb€r§ 
doubted ; becaufe we may affirm that to be the foje, ^^2t^^^ 
at leaft the principal Caufe .of all the EfFefls pro- 'jnfiuenct of 
Aiced in it ; for the Increaling of Plant§, the FlourijDb- tbt Sui^. 
ing of G)rn, the Fruit comipg to Perfection, plight all 

to be afcribed to the Light or rather/ to the Heat of the 
bun. 

3. The Query is oi>Iy about tji? other JStar$ therefore. 3* 7*^' '^ 
And be^ufe we f^l the Light of them, that is an un- Zglt^/J'i^ 
doubt^ Proof, that they have a Power to fhake the ai/owedfim 
/mall Fibres of the optick Nerves; and becaufe there is ^^»*''«** 
Matter in the Air, Water and Earth, which is finer and ^''^* 
eafier to be put in Motion than thefe Fibres, it muft be 
granted, that they cannot but agitate and move it ; and 

the Particles thereof, by moving afterwards more grol^ 
matter, may produce fenfible Bftefts* j fo that it is ii> 
fome Senfe tipe, that the {Stars may be the Caufe of 
thefe E'ffeas. 

4y But becaufe we do npt own any other Virtue to 4» That tbt 
be in them by which they can ^ft here below, but that jj^^t^"' ^ 
of the Light whfch comes from them to us, we can- ^gry iJen^ 
not allow them any further Pp^yer or Virtue in thofe/'^'-tf*^ 
EfFeds produced upon the Earth, hut in Proportion to ^^I'^r, ^^ 
their Light : And becaufe the lyight of the Sun alone is ^bt Sunt 
infinitely Greater than that of all the Stars pgt together, 
we ougnt to look upon that as the Caufe of al} thefe 
Effedls. And if we do not always experience the fame 
Conftitution of Air, whenever the Sun fends forth his 
Rays in the fame Manner upon the Earth, we muft not 
feek for thp Caufe hereof in the Stars, but look upon 
it as the Effeft of the prcfent Difpofition of the Air o^ 
>he Earth. 

F 4 5. I am 
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; '*^^ffict ^/l am pcrfuaded that the ancient Philofophers, had 
c *^ ^^ ^^^^ Notions of the Influences of the Stars but fiich 

t. - be as thefe : But becaufe the Egyptians^ who were very 
irji encetoj gQ^j Aft|:onomers, thought fit to diftinguilh divers Day$ 
J-xfrf^' of the Solar Year, by the diflfcrent .fix^ Stara, which 
rife immediately after Sun-fet, and took Carp to give 
Notice to the People of the Temperature of the Air 
which they obferved in certain Seafons, and of what 
was proper for them to do in Agriculture, when certain 
. Stars rife after Sun-fet ; they took that for the Giufe, 
which was intended only for the Sign : And hence came 
the Notion of moift Stars whofe Rifing produced Rain, 
of others that caufed Drought ; of fome that made Plants 
to .grow, and of others which had a particular Dominion 
over certain Animals. 
Vr ^t^eai ^* "^^ Experience we have of the Temperature of 
pfE$eacy the Air being not always the fame every Year, though th^ 
bat httn j^me fixed Staw never fail to rife when the Sun let, v^ 
tb^pumi. ^^^>ugl^ *^ undeceive thofe who aflirm ^at all Things 
here below depend upon the Stars : But becaufe the Planets 
alter their Situation in the Heavens every Year ; under 
this Pretence they have excufed their Miftake, and taken 
Occafion from hence to afcribe to the tl^^g ^f the- 
Planets, or to their different Situation in the Heavens, 
all thofe powerful Efficacies which they before afcribed to 
the fixed Stars. 
y.Tif Ri/i y. And as the Vanity of Men's Minds is always in-? 
%Bfolog^! crcafing ; after they had once fufFered themfelves to be 
■ * prejudiced with this felfe Notion of the Virtue and Efr 
ficacy of the Planets ; knowing that they could be cer-r 
tain of the Situation of the Planets for the Time to 
come, by Aflronomical Calculation ; they puiFed them- 
felves up with the Invention of an Art, which could fore-r 
tel Things to come ; as Rain, fair Weather, Wind, 
Thunder, Tempefls, Plenty, Famine, War, and fuch 
like Things. This Art is what they call Judicial 
Aftrobgy^ which fome boafl themfelves Mafters of, 
and are got to fuch a pitch of Vanity as to promife to 
predi£t the moft particular Adions and Fortunes of 
» Perfons. 
S. Hidt tbif^ 8. In order to avoid ^ng deceived by fuch vain Pro- . 
4ftr9iogy mifes as thefe j we ought to confider in the firfl Place, ; 
rw<r«V ^^^ *^^^ Aflrology hath no Foundation ; and that it can- ; 
not be proved by any Reafon, that any fuch Poyrers are j 
in the Stars, as Aflrologers afcribe to them. 

9. Secondly^ 
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9* Sicwdlff It is ctftsixiy that they have not even Ex- 9* ^^^ 
perience on their Side, which however they appeal to, ^^JT* 
and upon which they build their Art : For, as it would •»<• SxptL 
be ridiculous to affirm, that Experience fhews us, that '^''^ r . 
Socratef% going out of Town, produced Thunder, be* '**' * 
caufe it was obierved to thunder once, at the Moment 
that this Philpfbpher was got into the Road to go into 
the Country : So likewife is it ridiculous to affirm, that 
we li^ive the Experience, that fuch a particular Confti^ 
ludon of the Stars, produced, for Example, the Sick* 
Deis of a Prince, becaufe it was once obferved, that ^ 
Prince was fick, when they were in fuch a Difpofition. 
And indeed, fo far are Aftrologers from having many 
Times obferv^, wha| the Difpofition, which the Stars 
will be in to lAorxow in the Heavens, is capable of 
pioducing ; that ftridly ipeaking, we may affirm, that 
they have not the leaft Obfervation at all ; becaufe it 
will take up feveral thoufand Years before fuch a G>n- ^ 

ftitution of the Stars as we h^ye obferved can happen 
twice. So that we may affirm, that fuch a Conftitution 
in the Heavens as wiU be to Morrow, has not yet been 
/een fince the Creation of the World, 

10. We may add to this ; that if we allow Aftrolo- 10. That 
gers to have made fome Obfervations of what has hap- ^^^f^^^f 
pened in former Ages, under certain Pofitions of the ^mt upafi 
Stars ; yet they would be of no ufe, but in the Gnintries »« «• ^««- 
where they were made ; for it is certain, that whatever ^Sah'IncL^ 
the Difpohtion of the Heavens be, the lame Clearneis ttim o/wbat 
©r the lame Tempeft does not reach over the whole Su- " **• '* 
perficies of the Earth, but many Times, it rains very * 
hard in one Country for a great Part of the Year, when 

in another Country not hs off, it is very dry. 

11. Further; 1 cannot forbear taking Notice here, "• ^^ 
pf the vain Credulity, or rather the foolifh Error of ^f^^^(^^ 
mofl Europeans^ about the Star called the Dog ; who am concem-^ 
believe it to be of a hot Nature, and that it is the Caufe '«» tbtpv* 
of the Heat, that commonly happens about the Time ^'*''' 
that it riles when the Sun riles, and which is called thd 
Dcg-Days. For the People that live in the Southern 

Parts of the Earth, and over whofe Zenith this Star 
pailes, have much greater Reafon to believe that it is 
of a cold Nature, becaufe at the lame Time when tliis 
Star riles with the Sun, which is the Seafon wherein we 
often feel the greateft Heat, they find the grcateft Cold, 
and are^in the Depth of Winter. 

12. Perhaps, 
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i%.Tbatth€ 12. Perhaps it may here be faid, that Aftrolog^rs do 
^J*^?IZ\ fometimcs hit upon the Truth; which I do* indeed al« 
gtn may low : But thb does not at all eflablifh their Science ; be- 
fimttimet c2\ik there is no Perfon, be he never fo ignorant, but 
fyVikJ^t. *f he undertook to foretd Things to come, he would by 
chance hit upon Tome Things that come to pais, as 
well as upon fome that did not, in the fame manner as 
the greateft Aftrologers in the World. 
13- Ofef- 13- Not to infift any longer upon this SubjeA, which 
fia^fatfiij does not deiierveto have any more faid of it, and which 
^i^Mtm ^ "^^ worth being ferioufly treated by any Philofopher ; 
I (hall fpeak only one Word more about fome falie 
Opinions, which nave been received by the Credulity 
of Men, and which Aftrologers endeavour to confirm 
and turn to their own Advantage. Thus, it is gene^ 
rally thought ' that the Moon has a particular Virtue to 
corrode Stones ; that the Bones of Animals are full of 
Marrow upon the Increafe of the Moon, and have none 
in them but*are full of Blood in its Wane; (i) and 
that Lobfters and Oyflers and a great many other Fifh, 
are fuller towards the new and full Moon, than at the 
^adratures, 
14* VThe 14. As to the Eating away of Stones, the Moon is 
Me^on xohj wrongfully accuied hereof, becaufe it never fends for^b 
fnmto^ its Rays to any Places but where thofeof the Sun go 
alfo ; fo that it feems to. me more reafpfiable to make 
the Sun the Caufe of thefe £ffe£b than the Moon : 
For it is highly credible, that in a Number of Years 
Ibme Stones may be calcined by the Heat of the Sun, as 
they are by the Flame of a Candle in a few Hours. Af- 
ter which it is not at all furpriiing, that the Moifture of 
the Air fliould reduce Stones to Powder, as w<s fee it 
does Lime. 
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( f ) And tbst Lohfieri and Qyfitrf, 
&c) Pliny, Book U Chap. 41. 
Atid indetd tbt Bodies of Oyften, and 
aii oibtr SteU Fijb, inereafi and a- 
^ain dimitiijb by tbt Power cf the 
Mo9n. And Chap 99. It ts tbi§ 
( the Mcon ) mbtcb repknifoet tbe 
Earth, filling Bodiet at tt approacbot 
near^ and emptying tbem at. it goes 
farther eff\ and therefore Sbtll'Fifit 
increafe at tbat increafet, &c. You 
may find more of this in Piutarct*9 
Entertaining Problems , Book 111* 
Prob. 10* IVbjf ib€ Moon bai more 



Power to corrupt Flejh than tb* Sw^ 
and in Macrobius, Book VII. Chap. 
16. But as to the real Power of 
the Moon ; fince it is evident, that 
It canfes a greater flux and Rtfiux 
in the Air than in the Sea, it muil 
neceiTariiy produce fome Altera tiona 
in the Temperature of the Heavent, 
and this may make fome Altera tion 
in the Bodies of Animals. But as 
to any other Ef!e£^s commonly afcri* 
bed to the Mooo and P)anet5, be- 
yond what are owing to thefe CaiifeSf 
ihey are mere Trifles. 



15. It 
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15. It is sdfo a great Miftake to think that the Bones '$• ^^tiie 
of Animals are full of Marrow at Tome particular Sea- fjJ|J/,*^^" 
fons of the Moon, and empty at others ; for I am fure not full of 
from above five and twenty Years Obfervation, that in -Wi»''''<>» at 
gJl Quarters of the Moon, we may find fome Bones full ^t/^Jy^J 
of Marrow, and others empty ; fo that this Difference tht.Defnafg 
depends upon fome other Caufe. And it is very proba- ?/*'^*Afw«j 
ble, that the want of Marrow in fome Animals pro- "„ ^i^l 
ceeds from their not having fufficient Nourifhment, or rtnctfn* 
from the Fatigues which fuch Animals undergo. For I ^**^* 
have taken Notice, that there was no Marrow at all to 

be found in the Bones of Sheep which were killed im- 
mediately after they were brought to Paris from Provin- 
ces a great Way off ; whereas there is a great deal to be 
found in the Bones of thofe who liave refted fortie Time 
in the Folds that are in the Suburbs of this City, where 
care was taken to feed them. 

16. The Notion, that Lobflers and Oyfters and other x6.fK«fr^ 
Fifli, are fidler, or not fo lean, in fome Quarters of ^'^^ •/ ^ 
the Moon as in others, is alfo falfe, and contrary to all grm'i^gfya 
Experience : And this Error has crept in, like moft o- andempty 
thers, by ra&ly taking that for the Caufe of an Effcft, ^l^^f^J^ 
which feaily is not, but is only mere Chance and Ha- of the Mm 
zard J and there is no Perfon who has taken ever fo lit- i*fiiju 

tie Notice, but has a hundred Times in his Life, expe- 
rienced the contra^ry to this and a great many fuch like 
vulgar Opinions. 

17. But if Fifli be obferved leaner at fome particular ,-, j^ 
Times than at others, it may proceed from hence ; that Fififinnk 
they have not met with fo much Nourifhment, or that ^f/j'w/^r- 
they have been put into too violent a Motion, and fret- Yum. 
ted either from the extraordinary Agitation of the Wa- 
ter, or by contending with each other: And this will 

d^pear highly probable to any one who knows, that the 
Fifli taken in the Sea near Calais^ where the Water is 
very rough, are commonly leaner than thofe taken near 
Bologn^ where the Sea is ftiller: And irtdeed amongft 
the fame Kind of Fifli, taken at the feme Time, and 
in the fame Place, thofe which are catched in Nets let 
iowninto the Sea and drawn up again immediately, are 
plumper and fuller than thofe which are catched in Nets 
upon the Shallows, where they lie fretting themfelvcs 
for five or fix Hours till the Tide goes back. 



CHAP, 
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CHAP, xxvin. 

Of Gravity and Levity. 

Y. jTbtuti T T has been always obferved , thsA: there are ibme 

ihe Namet ^ Bodies which if they be not fupported in the Air, 

tndUvi? ^^^ defccnd, and move towards the Center of the Earth ; 

mriju s^d that there are others, which, if at Liberty, will af-< 

cend and move from the Center ; and tho' the Principles 

of thefe Motions were not known, yet this did not hin-* 

der but that Names were given to them, the one being 

aiHed Gravity y and the other Levity ; But it is the Bu* 

fmefs of a Philofopher to enquire into the Nature of thefe 

Things, and to explain what is meant by thefe Words. 

Arifto- ^' S^^^ ^^^ afferted, amongft whom Ariftotle was 

^uopinnu pne, that thofe Bodies which we fee defcending, moved 

mhMt Gr^" themfelves in fuch a manner, by a particular Inclination 

liZitj. which was in them to go towards the Center xA the 

Earth, which was looked upon to be the Center of the 

Univerfe alfo. So likewife they aflferted that the Bodies 

which we. fee afcend, had a contrary Inclination by 

which they moved from the Center. 

5. The opi' 3. Others thought it fuperiluous to admit two Sorts 

nioH effimg of Inclinations in Bodies, and therefore they contended^ 

f^b'eru^'^' that it is more reafonable to affert j that all Bodies have 

but one Inclination only, which makes them tend to 

the Center of the Univerfe ; But fome being carried 

with greater Force than others, the latter are ^liged to 

remove further off, which makes them feem to be light. 

According to this Opinion, we ought to fay, that Flame 

is heavy, and that when we fee it afcends the Reafon 

is,' becaufe the Air in which it is, is heavier than it ; ift 

the fame manner as we fay the Cork ,rffes in the Wa-t 

ter, becaufe Water is heavier than Cork. 

^ /4,v J 4* '^^ tb^'^ two Opinions we may add a third, wz, 

Cfinittt. that there is but one Inclination only in all the Bodies 

. which furround us, and that is to afcend ; and that; 

this Inclination is greater in the Fire, than in the Air, and 

that it is greater in the Air than in the Water, and that it 

is leaft of all in the Earth : Accordii^ to this Opinion ; 

when a Stone defcends in the Air or in the Water, w^ 

ought to fay, that it proceeds from hence ; that it was 

compelled by thefe two other Bodies, which having morq 

Force than it to recede from the Center pf the Earth, 

I. tbruft 
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thruft it that Way, and made it tend toward their 
Center. 

5. As the two laft Opinions arc fomcwhat more fim- 5- ^«' 
pie than the firft, becaufe they fuppofe but one Inclina- Oj>r«/t«itff« 
tion only in Bodies, thev fhould feem to be the moft •j^aify 
probable : But this fmali Advantage is not enough for *^*^Jf* 

us to prefer them to the former ; and to fay the Truth, 
none of the Three are fatisfaAory ; For if by the Word, 
Inclination, we linderftand any inward Senlation, or any 
particular Sort of Thought} I can't think that it can 
without Abfurdity be afcribed to mere material Beings, 
fuch as Stones are. And if by this Word be meant only 
in general, a Caule, whatever it be, which produces 
thefe Motions by which Bodies are carried upwards and 
downwards, then it is only a mere Sophifm ; becaufe it 
is £iying nothing, but only purely giving the Name In- 
cUnatiom to fomething we know not what. 

6. It is to be obferved, that it is without any Reafon s, n^t 
that they who defend thefe Opinions affert, that the ^^^ " «» 
Center of the Earth is the Center of the World : For it f^jZ^ 
is certain that we muft know the Extremities before we ibatibeavy 
can know the Center which is equally diftant from them; '^'»g'f^ 
but who can pretend to know the Extremities of the oftbtW^u% 
Univerfe ; And if we mean to fpeak only of the vifible 
World, what we have before eftablifhed, is fufficient to 
convince us, that its Center is rather in the Sun than In 

the Earth. 

7. In order to underfland then more clearly and more ?• ^5^*' 
diftinftly, what the Gravity and Levity of Bodies confift G^r'^y^"^ 

1 V 1 • 1 Vtt 1 1 . t Levity ttnm 

m, and not to content ourfelves with Words which v^ejiftiM. 
underftand not the Meaning of; we muft call to Mind 
that Rule which we formerly laid down, and which we 
feid was one of the principal Laws of Nature, viz. 
That the Park's if any whole which turns about its own 
Center J have a Tendency to recede from it, which Ten- 
dency is greater in thoje Parts which have more Motion 
than in thofe which have lefs.' Now fince the Mafs 
compofed of Earth, Water and Air, turns about its 
Center ; and it being certain that there is in this Mafs a 
very great Number of Parts, which have more Motion 
than others ; we may conclude that they do all of them 
really endeavour to recede from the Center about which 
they ztt turned, and therefore they may all in fome 
Senfe be faid to be light ; but becaufe the Parts which 
have leaft Force to recede, are puflied with Violence 

towards the Center, by th^fc Parts which have more 

Force, 



^ ROHJULTsSvsrzu PartIL 

Force, this is the Reafon why we find them to be 
he^y. 
8. ji mta^ 8. This is confirmed Jby a very remarkable Experi- 
^M?ff!tw "^^^* which we are obliged to Mr. Hugens for ; He 
that a Bo- took an earthen Veffel which was white and round, 
4r/»»ov/»^ about kwen or eight Inches in Diameter,' flat at the 
Zltff^' Bottom, and the Sides about three Inches high, and fil- 
fromtbe led it with Water; then putting into it fome beaten 
Center. Spanijh TFaXy whofe Weight made it fink to the Bot- 
tom, and whofe red Colour made it very vifible upon 
the white Bottom, he covered the Veflel with a Plate 
of very tranfparent Glafs, and fealed up the Edge fo 
that nothing could get out ; having done this, he fattened 
the Veflel on an Engine or Pivett, fo that he could 
turn it about and fl:op it at Pleafure. While the Vef- 
fel was turning round in this manner, the Wax Pow- 
der which was at the Bottom of the Veflel coi^d not 
flip upon it fo readily as the Water, but ftuck a little 
to it, ' and therefore was more eafily carried about ; by 
this Means it acquired more Motion in turning round 
than the Water, and confequently was forced to re- 
move from the Center, and to fpread it felf, and get all 
round the Sides of the Vefl!el ; he then fl:opped the Mo- 
tion of the Engine on a fudden, and the Veflel which 
was^ fixed to it confequently fl:opped alfo ; whereupon 
the Spanijh Wax grating againft the Bottom, and its Par- 
ticles being rugged, did not move fo quick as the Wa- 
ter whQfe Motion could not flacken fo faft, becaufe it 
can eafily flide over the Body it moves upon. He fhews 
us that at this Inftant of Time, the Water refembles 
the Fluid Matter which furrounds the Earth, and the 
Powder of Spanijh Wax refembles Pieces of the Earth 
which we fee defcend in the Air ; for the Powder was 
then forced to approach to the Center of its Motion, 
being driven thithei: by the Particles of the Water which 
endeavoured to recede with greater Force than the 
Powder which gathered into a little round Body in the 
Center like th^ Eaith. 
9. TOtff 9* By this Experiment we fee clearly that Gravity is, 

^nifzLe^ properly^ fpeaking, nothing elfe but lefs Levity ; and 
^tyland' ^^^ough it follows from hence, that the Bodies which 
that tbi Di* defcend have no Difpofition in themfelves to defcend ; 
^tfii^T y^ ^^ Motion ought however to be called Natural, 
^gbttTbe becaufe it ^is ±t. Refult of the cftablifhed Order of 
kohdupM Nature, 

10, Now 
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16. Now that there arc fomc Parts of the Mafs com* to.natt6^ 
pofed of Earth, Water, and Air, which have niore-^^'/^^*' 
Motion than others, may be collected from hence ; that cm^jii tit 
the Earth is not turned about its Center in twenty-four ^^tn^*^ 
Hours by its own Force, but is carried by the Current S^yS^ 
of a fluid Matter which furrounds it, and which pene-yrw* tu 
tiates all its Parts: For this Matter, by Reafon of its ^*^'***^ 
Fluidity has more Motion than is requifite to revolve J^, s^^ 
along with the Earth in twenty-four Hours; fo that 
its Parts employ the reft of their Force either to turn 
themfelves round fwifter than the Earth the fame Way^ 
or elfe to move themfelves in an infinite Variety of dif- 
ferent Ways: And becaufe the World is full, and it is 
with fome Difficulty that they get out of the Place they 
are once in ; therefore moft of them muft neceflarily be 
determined to turn round in an innumerable Company of 
fphaerical Superficies concentrick to the Earth : And here- 
in confifk the fuperiour Force of this fluid Matter above 
other terreftrial Parts, to recede from the Center of the 
Earth. 

11. When I am here (peaking of the fluid Matter »»• w#f 
which incompafles the Earth, I mean chiefly the Mat- *^^^^^ 
ter of the firft and fecond Elemefit, which is in the Air, cipaUytotbt 
or in the Water j becaufe this Matter has the moft Mo- Matter •/ 
tion, and the Parts of Water or Air compared with this *^;^^ 
may be looked upon as terreftrial Parts, they are fo very Me«r. 
much grolTer, and fo little agitated; for though thele 

Parts fwim* in that Matter, yet the contrary ImprefB- 
ons which they perpetually meet with from it, hinder 
them from acquiring any very rapid Motion, which- 
might continue for a long Time. 

12. Now in order to underftand more clearly what ,2. jnnbat 
the'ASion of the fluid Matter is, take a View of the fol- c^fi this 
lowing Figure, in which the Circle ABCD reprefents^^;^;^'^^ 
the Mafs compofed of Earth, Water, and Air, whole £ff^. 
Center is E; and the little Circle FGHI reprefents Tab xiv. 
the Earth. I^t us imagine in our Minds, that this Mafe ^*** ** 

is divided into a great many Pyramids whofe Vortexes 
meet at the Center'of the Earth, one of which is here re- 
prefented by AEB ; this being fuppofed, we are fure in 
the firft Place, that though the different Parts which com- 
pofe each Pyramid, have a Tendency to recede from the 
Center E, yet they cannot recede all at oiice, becaufe 
there is no void Space round about this Mafs which they 
compofe^ and the Matter which is about them, binders 

them 
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them from moving out of their Places. We are certain 
likewife, that a tingle Pyramid, fuch as A£B, cannot 
xetire whole from the Center, by fpreading it ielf and 
growing bigger at the Extremity AB, and fo forcing 
the Matter on each Side to approach towards the Cen- 
ter, becaufe the Matter of the other Pyramids by which 
this is furrounded, have an equal Tendency and die 
fame Force to recede from the Center likewiie as the 
Pyramid AEB, at leaft, if we fuppofe the terreftrial 
Matter which is ill each Pyramid, to be already as near 
the Center as it can be. 

13. But if we fuppofe that there is a Terreftrial Body , 
puZtiw'rf ^ch as Ijj in the Pyramid AEB, and none in the 
ib€ Gravity other Pyramids about it ; it is eafy to fee that this Py- 
ofaBodjf. Y2miA muft have fo much lels Power to remove from 
the Center, than any of thofe which furround it, as the 
Body L has lefs than the Quantity of Fluid had, whole 
Place it poflefles ; from whence it will follow, that 
the Matter of fome of the Pyramids will recede from 
the Center, and (i) force the Body L to approach to-^ 
wards the Center, in the fame Manner as they wha 
affirm all Bodies to be hcavy^ fay that the Water forces 
Cork to rife up. * 

14. The 
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(1) Force the Sodj to ^proacb 
towardt the Center ^ See.) This was 
a very infenioas Hypothefis, aod fo 
long as the World was thought to 
be hilly a very probable one. Bat 
fince it has been made appear by a 
great many very, exaft Obfervations of 
modern Philofopbers, that the World 
is not full ; and that Gravity is the 
moft antient and moil univerikl 
Property of Matter, and the prjnci* 
pal of all in maiotaining and keep* 
ing together the whole Univerfe; 
we muft proceed in another Method^ 
and find out another Theory of Gra- 
vity. To be ihort, the celebrated 
Sir Ifaae Newton hat. parfued this 
Enquiry wfth that Succefi, that the 
moft fimple Nature of Gravity, be- 
ing fuppoftd, he has eftablifhed the 
true Syftem of the World beyond all 
Controverfy, and moft clearly ex- 
plained the moft coniiderable.Phae- 
nomena of all Nature. And his O- 
pTnion of the Nature and Propertiei 
of Gravity is this* 



"Eirerjfit^le Particle of alJ Bodies 
whatever^ gravitatgs to efcrj Jingle 
Particle of all Bodies whatlbever ; 
that is^ they are impelled towaida 
each other by Gravity^ See tb<t NoUt 
on Part h Chap, zi* Art, 15* 

This gravitating Force is Unmr-* 
fai at to the Extent of it j that is, all 
Bodies whaifoever, fo fir as we' 
icnow, where ever they are placed, 
not only on the £arth> but alio in the 
Heavens, whether in the Moon or 
P3anets, in the Sun or any other 
Place, are endued with this Power* 

This Force is alfo mntKmfsi as ttf 
tie Kindt of Bodiet; that is, aU 
Bodies , whatever their Figure, Form 
or Texture be, whether they be Am- 
ple or compound, fluid or iblid jr 
' whether they be great or imall | 
whether they be in Motion or at Reft, 
are endued with this Power. 

This Force is alfo univerjal as tt 
Time ^ that is, all other Conditiong 
being the fane, ic never increafes 
or diminiihes* 
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14. The Weight of a Body therefore is proportiopa* '4- 7hat 
Jeto the Quantity of fluid Matter which caufes it to ^bJu7'^ 
iefcend ; fp that it feems the bigger any Body is, the more the more ** 
[Weighty it ought to be. 15, How, *'**> *''« 



The Quantity oF this Gravitv it 
{oal DifianccB, is always eza^y in 
}i4opoition to the Qiuntity of Matter 
tia die gravitating Bodies* For In- 
duce, if a cukick Foot of Gold bat a 
\noufand Pound IVii^bt upon the Su- 
[(erficies of the Earth, two cubickFott 
^wiJl have two Ibntf^nd Pound 
W'tig/^ upon the fame Superficies } 
[«nd if the Earth Contained but half 
'the Quantity of Matter that it does 
)Wy the iame cubick Foot of Gold 
which has now a thoufand Pound 
H^eigbt upon the Superficies of the 
^Eanfa , would have but Fivo Huti' 
4 red only. 

This Gravity in given Bodtes is 
figreater or jefs according to the Di- 
:ftance of thofe Bodies from each o- 
ther } for Example^ a Stone which 
Dear the Superficies of the Earth, is 
I "very heavy, if it were carried up as 
li?gh at the Moon would be very 
light. 

Laftly, The Proportion of the In- 
creafe or Decreafe of this Gravity in 
Bodies approaching to or receding 
from eachother is fuch thxtits Force 
is reciprocally in a duplicate Pro- 
portion or as the Squares of their 
Diftances. For Example, a Body 
which at the Diftance of ten Dia- 
meters of the Earth, weighs a hun- 
dred Pounds ; would, if its Diftance 
were but half fo far, weigh four 
Times as much ; and if but a third 
Part fo far, nine Times as much. 
So likew fe, the Force which upon 
the Superficies of the Earth, could 
iapport a Hundred Pound Weight ; 
if it^ were twice as far off the Cen- 
ter, could fupport four Times the 
Weight, if ihree Times as far off, 
it could fupport nine Times the 
Weight. 

Having laid this down for the Na- 
ture of Gravity, it follows : 

Firft^ That Gravity or the Weight 
of Bodies is not any accidental Ef- 
fed of MotitMi or of any very fubtle 
Matter, bat an original and general 
Law of all Matter- impreiTed upon it 
hy God^ and maintained in it perpe- 
tually by iomt efficient Power, 
which penetrates the folid Subftancd 
•f it J for Gravity never ii ia Pro- 
V 9 L, U, 



porttoft to the Soperfidei of *llodiei 
or of any Corpoicles, but always to 
the folid Quantity of them. Where- 
fore we ought no more to enquire 
how Bodies gravitate, than how 
Bodies began fir ft to be moved. 

Sec9iidt^t Hence it follows, that 
there is really a i^aeuum in Nature, 
and that it is much the gretteft Part. 
For fince Gravity is an univerlal Af- 
ff £t-^n of Matter, if we fuppofc the 
World to be full, it would follow^ 
that all Bodies would be equaliy hea^ 
vy $ which is very abfurd. 

Thirdly, This being laid do wo 
for the Nature of Gravity ; it will 
follow, that the Planets, if they 
hive once impreffed upon them by 
Gjd, the - m.;ft fimple projedUis 
Motion in ftreight Lines, will re« 
volve about the Sun, at we fee they 
really do, in Circles or Ellipfis, 
without the Help of Vortexes. See 
tbe Notes on Cbap. XXV. Art, %%. 
of this Part, 

Fourthly, Hence it fallows,* that 
If any very great Collection of fluid 
Matter be ga'thered together upon the 
Superficies of the Earth, it muft flow 
backward and forward according to 
the various Motions of the Sun and 
Moon, bscaufe of its gravitating to- 
wards them, in proportion to their 
Magnitudes and Diftancef. See tbi 
Notei on tbt follawtng Chapter* 

Laftly, So eafy and agreeable to 
ttie nature of Things, is this Notioa 
of Gravity, tl)at Ktpltr, though he 
cou'd not explain the Manner of the 
coeleftial Motions by It, yet he cod- 
tended that it was true. 

Gran/ity, fays he, it a forporeat 
Affefiion, which it'mutual betwixt 
Bodiet of tbe ftme Nature, ftc. 

If tbe Eartb wat not rottnd^ btavy 
Bodioi would not dtfeend from all 
Pmrti direSly toward* tbo Center of 
tbe Earth ; but from different Sidtt 
would Hefeend t award t diffirent Poin/9 

If two Stonet werefUcod near o^ 
other yin any Place of tbo f^orld,out.of 
tbe Reach of the A£iion of m third 
Body oftheftm* Nature \ theJeStom% 
in tbe fame Manner at two Load* 
St9net, would wU<t in an intermedi4i^ 
Place, each afproacbing to the other by 

Q JuCl^ 
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'^ fThf i^. However this is not alwkys true, nor is it ever (b 
wt«l/^i- ^"^ ^i^^^ all Circumftances are alike ; for it is to be ob- 
mefttotiib fervcd, that all terreftrial Bodies have Pores, which 
«/ii#. ^he Matter of the firft and fecond Element can very 

eafily enter into ; they- muft necelTarily always contain 
in them a certain Quantity of that Matter; which having 
juft as much Force, as an equal Quantity of the fame 
jMatter, which is in the Pores of an equal Portion of 
Air that muft afcend into the Place of the terreftrial 
Body, it is only the Difference betwixt the two Quan- 
tities of fubtle Matter that ought to be confi'dered : Fur- 
ther, there is alwajrs a certain Quantity of terreftrial 
Matter in every Portion of Air likewife, which ought to 
be dedufled out of that which compofes the heavy Body 
with which it is compared ; So that the whole Weight 
of a Body confifts in this, that the Remainder of the 
fubtle Matter, which is in the Portion of Air that fuc- 
ceeds in the room of the heavy Body, has more Force 
to go off from the Center of the Earth than the Ren^ain- 
. .der of the terreftrial Matter, which compofes the heavy 
Body. And as Things may be diverfified a great many 
Ways, from hence strifes the unequal Weight of diffe- 
rent Bodies of the fame Bignefs ; and this is alio the 
Re^fon, that fome which are very large, do notwith- 
ftanding weigh but a little. 
i^.Wbytt>9 1 6. As to the Velocity with which heavy Bodies fall 
Amv'V^ towards the Earth, and the Proportion which Bodies of 
^ 4i/<f ww/#« different Weight obferve in falling, , there are many Par- 
V *« they Jail, ticulars worth our Notice 3 and Firjiy it may be demand- 
* ed J Whence it .is that their Celerity increafes in Pro^ 

portion to. their Defcent in the Air? To which it is 
eafy to anfwer ; that when a Body begins to defcend, its 
Velocity cannot be very great, becaufe the fubtle Matter 
which is about it getting into its Place, and which is all 
that it is impelled by, cannot force it downwards with fo 
great a. Celerity, as it has itfelf to recede from the 



.fttchan Interval ai is pr^ortimal to 
the $titr*t Bulk, 

If the Moon and the Earth Wire 
not kept eatb in their Orbits by an 
animal Fofce , or Jametbing epti' 
valent to it ^ the Earth tvouJd af- 
cend towards fie Moon a fifty- fourth 
Fart of the Difiance between tbem^ 
•and the Moon Kveuld Jefcend towards 
the Earth fifty three Parts of the 
i){Par.ce or tbertUPOut\ j' and there 



• _ 

they would 'be united together, ^hii 
would befo upon Suppofition, that the 
Mi^tter of them both is of the fama 
Den^tf. See Kepler* s IntrodudioA 
to hia Book concemiog the Mocient 
of Mars, 

But as to the efficient Caufe of tius 
Gravity, as we have caUed it. See 
above ChapuXU^rt* 1 5. oftbefit^ 
Part. 
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Center of the Earth. But when it is once put in Mo- 
tion and begins to defcend, the fi^^btfe Matter which is 
underneath it, and which tends with its whole Fonie td 
aTcend as high as it can, puihes it downwards continualljr^ 
and fo perpetually adds new Degrees of Celerity to tbok 
which it had before. And this is the Reafon why the 
(i) Cekrity encreafes every Moqient, and that its fs^JJ 
is the more or lefs violent, according to the greater or 
leflcr Height from; Whence it begins to defcend.- 

17. It 
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(1) tibe Celerity increafes every. 
' Moment 9 &c.) The Motion of fkl- 
fing Bodies is iacreafcd in the pro- 
pordon of odd Numbers, i', 3, 5> 
7, 9, &c So that the Spaces run 
throagh, are at the Squares of the 
Times, that is. If a heavy Body 
defcend a Foot in one Moment Jt wiil 
defcend four Foot in two Mcm?nts, 
Bine Foot in three Moments &c. 

But becatafe this is one oFthe Prin- 
cipal Phaenomena ofNature, I /hail 
Mz fuUer Diflertation upon this 
Matter. 

The fomous Sir Ifaac Newton has 
ftewn, that the Gravity oF Bodies 
which are above the Superficies of 
the Earth, is reciprocally as the 
Squares of their Diftances from, its 
Center ; But the Theorems concern* 
log the JDefceht of heavy Bodies, de<< 
mooftrated by GalSi^ut, Hugent^ 
and others, are buiit upon this Foun- 
dation, that the Action of Gravity 
is the fame at all Diftances. The 
Conferences oF which Hypothefis, 
are found to be very nearly agreeable 
to Experience, becaufe the Spices to 
whkh Bodies can be carrieid above 
file Superficies,' are fo very ftniH 
compared with the length of the 
Sarth*s Semi diameter ; that the 
jDiff^rence of the Diibnces from its 
'CentCi y may be looked upon as no- 
thing. Soppoling therefore the Ac- 
tibn of Gr:ivi;y to be equable, and 
dut there is no Refiftance in the 
Medium through which Bodies fall ; 
the following Theorems may be 
^Ihng demon^ted. 

Prop. !• 

The Velodtks acquired by a btM' 
yy Bo<^y which was at reft till it be* 
gaoto fall, at the Condufion of any 
iT^Des computed frott the Begin- 

VOI..U '• ' ' 



niog of their Pall, bear the fame 
t^roportioo to each othei as theft 
Times. ' ' -J 

For it is evident $ that in a Mo- 
tion performed in the fame ftrelghc 
L ne, and accelerated by equal »ld 
fuccefti«e Impulfet, the Vehxtttia 
acquired, moftbe as the Number of 
Impuifes. If therefore Wteimagihc 
the Time of the Oefcent to be di- 
vided into infinitely fmaU aodvquai 
Moments or Points of Time, anA 
that the Force by which the beatj 
Bodf is tfi^ed downward^ adda te 
every one of thele Momeutss a ncnr 
Impulfe to it, always equal to the 
foregoing one ; that is, ads upon it 
oootinually in the iame Way and 
Manner ; it is maniieft that the 
heavy Body may be apprehended to 
have recdved as many Im^ulAs 
while it was ftllen, as there are 
Moments of Time computed fran 
the Beginning of its Defcent* The 
Velocities acquired therefore, are at 
the Number of Moments compatci^ 
that is, as the Timet taken jup' in 
falling. Qk E* D. 

Xor»a. 

In the right angled Triangle ABC, 
if AB, AD reprefent • ' 

the Times of Defcent; Tab. XXk 
and if BC teprefents Fig. a; 
the Velocity required at 
the End of the Time AB $ thea 
DE parallel to BC will reprefent t)le 
Velocity at the End of theTimeAD* 

Prop. II. 

The Spaces run through by a heavy < 
Body which was at reft' before Ir he- 
fan to U\\, in any Tinies computed 
froito the Beg'nning of the Fall, arein 
m dupUc4ce Fropoi tion both of thefe 

'^ -Ik- -•" Timmp 
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17.' It is true, and it is the Second Particular here to 
be confidered, that a Body may arrive to fuch a Degree 

of 



TlflMiy and of the Velocities ac^il* 
red at the End of thofe Timet. 

Fpr it 18 evident, that the Spaces 
whkh a heavy Body paflei through 
in fallings in tny Times whatfoerer, 
•re to one another, as the Sumv of 
the Velocities with which the heafjr 
Body is carried in every one of the 
Moments of tho(e Times* Now the 
preceding Corollary being granted , 
every one of the Lines that are pa- 
rallel to DE in the Triangle ADE, 
do each of them repreftnt every one 
of the Velodties with which the 
heavy Body is carried in the Corre- 
spondent Moments of the Time re- 
preiented by AD ( h the freeedi^g 
Coroll,) Therefore theSom of chefe 
lines or the Triangle ADE will re- 
prefei|t the Sum of all the Velocities 
with which the heavy Body u car- 
tied in the Time AD. For the itme 
Reaibn the Triangle ABC will re- 
prelent the Sum of the Velocities 
with which the heavy Body is carri- 
ed in the Time AB. The Spaces 
therefore run through in the Times 
AD, AB are to each other as the 
Triangles ADE, ABC But thefe 
Triangles are to one another in a 
duplicate Proportion as well of AD 
to AB> as of DEto BC, that is, as 
well of the Times of thdr Defcent 
•t ef th^r 6nal Velocities. The 
Spaces therefore run through, are to 
ope another in the iame Proportion* 
Q^E* D. 

If the Times, comimted from tbe 
Beginning of the Fall, be to one ano- 
ther as Numbers increafing in the 
Rank Jk 2,: 3, 4, &c. the Spaces 
run thro' in thefe Times, will be as 
the Squares of thefe Numbers \ vm* 
as the Nvmbers i, 4, 9, 1 6, Sec, and 
the Spaces run througli in equal con- 
tiguous Times, will be as the odd 
Numbers 1,3, 5, 7, &c. ' 

Prop. ni. 

The Space run thro* by a heavy 
Mody which was.at reft before it be- 
gan to hXi, in any Time whatibe- 
Ter, is half the Space which it 
wottU run thro* ia the iaoK ^jiie 



with an equable Motion, with the 
Velocity acquired in the laft Moment 
of its Fall. 

Let AB repreient the Time of 
the Defcent; BC the 
Velocity acquired at Tab. XXI. 
the End of it, and Fig. z. 
let the TrUngle ABC 
be completed into the Parallelogram 
BF ! It is manifeft, that the Space 
pafTcd through in the Time AB> 
with the equable Velodty BC> is 
rightly reprefented by this Paralle- 
logram. But the Triangle ABC is 
half this Parallelogram. Therefore 
&c. Q. E. D. 

N/lb* The three foregoing Theo« 
rems are true alfo if applied to heavy 
Bodies defending upon any inclined 
Planes ; becaufe they are urged a- 
long thole Planes by a Force which 
is given and equable, and which ia 
to the Force of Gravity, aa the 
Height of the Plane to the Length 
of it. See the Not4» - on Part h 
Chap, 17. Art, f. Prof, 2. 

Prop. IV. 

The Velocity ultimately acquired 

i?-^J|p1'^""!p^^* Tab.XXI. 
dmed Plane AC, is e- «. 

qoal to the Velocity ac- ** 

quired in falliog the Alt'tude of it 

AB ; and therefore the Velocitiea 

ultimately acquired in falling along 

any inclined Planes AC^ AD wHofe 

Altitude is the fame, are equal : 

And the Times ot their Delcent a- 

long the fame Planes, are as the 

Lengths of thofe Planes. 

From what has been already ftld» 
it is evident } that in Motions equa* 
. bly accelerated, the Velocities gene- 
rated in a given Time, and conie- 
quently the Spaces run through, are 
to each other as the Forces by which 
the Velocity is generated. 

Firft then, let the Peipendicular 
BP be let faU from Bto AC j and 
the heavy Body in defcending along 
AC, will arrive at P, in the fame 
Time that it would arrive at B in 
falling from A ; (for AB is to AP, 
as AC to AB I that is, as the Foite 
with which tie heavy B^dy is nrgeA 
along AB, to the Force with whkb ; 
it II Dr«ed along the Plane AC;) 
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of Celerity, as cannot be further Increafed ; either becauib 
the Air is uncapable of opening any freer Pailage for it i 
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vlwrefofe the Velocity in B is t^fo 
to the Velodty in P, ai AB, to AP $ 
lot the Velocity ia P, if to the Ve- 
lodty in C^ in « fab- da plicate Ratio 
(ij Pfvp, a.) of AP to ACy that 
la, as AP to AB. The Velecity in 
B therefore, is to the Velocity in C, 
In n Ratio compounded of AB to 
APy and AP to AB ; but thii it a 
Ratio of Bqaality. TherefofC, &c. 
ZttmHyy Bccanfe the Time of the 
Defeat from A to P^ is to the 
Time of Deiceot from A to G, in a 
feb-dnplicate Ratio (i|r Pro/. %) of 
AP to AC nlib { that is» at AP to 
AB, or at AB to AC { and becaufe 
« hwvy B9df in falling from A will 
arrive at Bin the fame Time at at 
P \ therefore the Time of Defceo^ 
along AB, is to the Time of Def- 
cent along AC, at AB to AC. And 
fat the fame Rcaron, the Time ar 
long AD, as AB to AD* There^ 
ibre i^c q^ £. P. 

Prop. V. 
I 

I If the Diameter AB of any Circle 
he creAed pcrpendicoUr to the Ho^ 
ri^on, the Times of 
Tab. XXL I>efcent along any 
F'g- s* $3honit> fuch at BC 

dravn from the j^ztre- 
aii*y of it, are equal • And the Vcr 
locities acquired in the Point B arc 
lo each other at thofe Ghqrdt. 

For if CD be let All perpendicular 
from C to AB \ firfty die Tine of 
Deicent frona A to B, it to tl>e Time 
of Deicoit from D to B, as AB to 
GB (^Pr«f* «•) And the Tin^e 
firofla to B> it to the Time froa^ 
C toB } St PB to CB {kf Fref, 4.} 
Therefore the Time from A to B, 
to the Tinie from C to B |n the 
itioconypoiindipd of AB to BC and 
to BC, or a« AB X BD, to 
Bat theif are equal, and conr 
|uent|y the Timet of Delcent are 
Wherefore, fince the Tillies 
De&cnt along tny Chonjt are all 
A to the Time of Defcent thro' 
jihe Diameter $ they are alfo equal 
to each other« SecoiiJfy, The Ve* 
locity acquired in falling from D to 
B, and from C to B, is «ho ^lAe | 
{kf Brvj^, 4..) No« thit Ifattei, is to 



the Velocity acquired in falling from 
A to B, at CB to AB {6y Pr«f,'s»^ 
Therefore &c. Q;^£. D. 

Hence we fee the Reafon, why 
the Timet of the Vibratioos of a 
t'endulumde&ribmg rery fioall Ar* 
ches of a Citclcy are very neat^ 
equal ; for thofe Arches differ very 
little horn their Choidt^ cither m 
htnfgth or Pofitioo* 

Prop. yi0 

If a btavy Body dcicends from 
any Altitude thro*' never to many 
contiguooi Planet of 
any Sort, and any In- Tab. XXb 
clinttloo whatsoever Fig. 4* 
AB, BC, CD ( it will 
acquire the lame Velcdtyat the'laft^ 
as it would acquire in falling perpea* 
dicularly from the fiime Height. 

Let AF, DG, be drawn parallel to 
the Horison ; let CB; DC be pr»» 
duced till they meet AF in the 
Pornts B and F, and let the perpea* 
fiiGular FG be let fiill. 

The beMiy Sfdy in falling from 
A ta B, will acquire the lame Ve- 
locity, as if it had conle to B along 
EB, (^jrPr0^. 4-) Wherefore, fiocc 
the tunning out of its Qonrfe m B ic 
fuppofed no Way to hinder its Mo-* 
tion, it will have the fame Velocity 
in G, at if it had defcended along 
BC ; that it, as if it ha4 deiS^ndcA 
along CF, (^ Frop, 4.) Therefora 
it will have thf fame Velocity in D 
as if it had defcended along FD s 
And this is equal to that which i^ 
would have had in falling perpendi^ 
cu'arly along FG, (iy Fnf. 4.) 
Thuffore &c. (^ £« D. 

KhtMvy B«^ defending In any 
Carve, will acquire the fame Velo- 
city St it would acqiifre in falling 
from the fiime perpendicular Height | 
for a Curve may be Iooke4 upon ac 
compofed of an infinite dumber of 
^pht LUicSf 
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br becaufe it having acquired as much Motion dbwnw^rds 
is the fiibtle Matter it felf, which caufes it to defcend, 

has 



Prop. vii. 

• If the Inclinitfon of any Number 
of .contiguous Planes 
Tab. XXI. whatfoever, AB, BC, 
Fig. 4, 5. CO ; a b, be, cd, be 
In the fame ; and the 
Ibitfo of their Lebgths be the fame { 
the Times in which they will be run 
through 1>y z heavy Bttdy, wtJJ be 
ffk a fub»duplicate Ratio of thofe 
JLengtht taken together. 
i:. Let AF, a f, be draiR^n •parallel to 
the Horizon ; and let BC, CD \, bc^ 
c d, be produced till they meet AF, 
a fy in E and F, e pnd'f* It is evi- 
dent, by the Hypothefis, that BE 
lias the £une Ratio to be, and C£ 
to c.e, and DF to d f ; as AB has to 
a b or BC to be, or CD to cd ; and 
•Ifojas AB4-BC+CD has to a b-f^ 
he •«^.c,^*. Now becaufe of the e- 
qval An^esBAE, bae, the Times 
of tihePefcents along AB, a b, will 
it in » fub-dupUcate Ratio of AR 
to ah) {by Prop* 2. ) and the Vef 
lodties in the Points B and b will be 
in the fame 'as would have been ac- 
quired in falling along EB e b {ky 
irof('^,y If therefore the Motion 
be continued, the Spaces BC be, 
|viir.be ruit through in the fame 
Timet as if the heavy Body had be- 
guritafall firom the Points E e. But 
the; Times of the Defceots as well 
tbrciigh EB>' eb, as through EC, 
cc, are in a fub«duplicate Ratio of 
fhofe Iflnft, that is, in a fab-dupli« 
^tc Ratio of AB to a b. Therefore 
(iy DiviJiM) the Times along BC, 
jbc, after h^^ii^g Allen alon^ AB, 
lib, are in the dtnt Ratioi An4 
tht^refore (hy Qompojitioa) the timet 
lilofig AB4-BCr|-CD> ab -|-bc 
•rf-cd| are in the £ime Ratio aJJb* 
^n the fame manner may jt be de^ 
mon^rated that the Times of pafling 
through AB -{- BC + CD, a b -{- 
^ c -f> (d, are in the fame Ratio of 
AB to a b, or of AB-f-BC -f- CD, 
i toab -l-bc*-!* cd, andfooAfor 
.ever, 1^ the Number of Planes be 
a^verjoin^Qy. Therefore ^(:<^E.p. 

Ctrt//. !• 

The Times In which a ^m^ Bo* 
iy f ios thiocgh fimllar P»Tt9 of 



Curves whofe Poiition Is the fimV 
are in a fnb-'duplicate Ratio of thbfe 
Parts. For thofe Parts of Curres 
may be looked upon as compofed of 
an infinite Number of llreight Lines 
whofe Ratio is given, and their In* 
clioation to each other Similar. 

CordU i. 

The Times in which Pendulumt 
defcribing fimilar Arches of Circles 
vibrate, are in a fub-duplTcate lUtio 
of the Lengths of the Threads \ for 
thefe Threads or Radius*t of Circles 
are in the iaroe Ratio as their fi^i* 
lar Arches. And the iame holds 
' true though the Arches be not fittil* 
Jar; provided they be very fmall, 
( byCoroU. Prop. V.) 

. H^tfollwoing Propojithns may arffr 
ht nttry proftrly addtdin thh Pia(t» 

Of the Motm ifProje^Ues. 

The fame Law of Cravfty bdng 
fuppoied as before, and that there is 
no Refinance froin the 'Medians , 
and that heavy Bodies fleJcend per-* 
pendicuhrly to a given horiiEontal 
plane ; ( which Hypothec, becauf« 
«f the fmall Spaces through which 
Bodies are projedted, compared with 
the Barth^s Circumference, d'^ra 
very infenfibly from the Truth} the 
Afie^Bonsof the Motion of Projeip^ 
tiles may eafily bevdemonftrate^. 

pfop. vni. 

If a Body goes along with a com- 
pound Motion, coniiftiflg of an equa<» 
ble Motion in a ftreight Line given 
in Pofition, and of the Motion ari« 
^ng from the Force of Gravity : I| 
will defcribe a parabolick Curve, 
• which the freight Line *givea is| 
Position, will touch in the Point 
where the Body begins to movci and 
ail the Diameters of this Curve wU} 
be perpendicular to the Hcri^n* 

Let the Body be moved from 
the Point P, with an^equabk Motion 
according to the Pireaion of the 
Line PL given in Pofition ; and at 
the fime Time let it be dmwn 
4i>wawM^ bjritJpwftOravity, ac- 
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has upwards ; there remains nothing that can give it any 
new Degrees of Motion which might increafe it^ Ce- 
lerity. 

18. LaftJy^ 



[*?? 



cording to the DireOion of PG, per- 
peodicuUr to ths . 
Tab. XXm. HorisonPH. Now 
Fig* !• fince neither of thefe 

Motions hinder the 
other ro» hot that the Body may go 
on according to the DIre£Hon of the 
Line PL in the fame maimer^ as if 
the Force of Gravity did not afi at 
all; and that it may likewife de* 
fcend according to the Direction of 
|he Lane PG in the iame manner 
aa if it had not been impelled by 
the projedile Motion .- If the Body 
moves through the Spaces PL, PI 
with an eqoable Motion, in the 
iame Times as they will ^Jl thro* 
the Spaces PG, Pg ; it is manifeft, 
that if GV g V be drawn parallel to 
PL, and LY , 1 ▼, parallel to PO, 
till they meet each other in the 
Points V, T, the Body will be found 
at the End of thofe Times in the 
Pbints y, ▼ : Now becaufe in the 
Motion along the Line PL is equa. 
Ue, PL, PI, will be to each other 
as the Times in which they are pa/1 
fed through $ but' PG will be to Pg 
as theSqoareaof thofe Times {by 
Prep. %.)^G therefore or LV, is to 
Pgor 1 V, as PLq : to Plq c AU the 
Points Vv, therefore are in a pata- 
boiiclc Carre, which PL touches in 
the Point P, and all the Diameters 
of which are parallel to PG, that 
it, perpeiidicalar to th« Horison, 
<^E.D. 

Wh A I mention hereafter the Pa • 
rameter iidgly, yon are to anderftand 
tliat Parameter which belongs to 
that Point in the Curve defctibed 
from whence the Projedion it made. 

Prop. IX. 

The Velocity with which the Bo- 
dy is projcded slong 
Tab.XXIlL the UaePL, is equal 
\ Fig« I. . to that which it 

'would acquire in fal- 
ling through a fikirth Part of the 
parameter. 

A Body with an equable Modoa 
paflea throbgh the Space PI, in the 
iameTime that it falls through the 
Space Tv. Now Sf PI betalien equal. 
to half tbg PaiimBtor^ 1 v witt bg 



equal to half PI. Now the Veloci- 
ty acquired in falling through 1 v Jt 
fuch that double the Space 1 v, that 
if, 'the Space PI would be mn thro* 
in the Time of its Fall {by Fnf, i*) 
But the Body by the proje^le MqtI- 
ofi pafles thro* the iame Space PI in 
the (ame Time. So that the Velo- 
city ofthe one is equal to the Velo« 
dty of the other, (^ B* P« 

C«r0^ I. 

If the Velocity of the projeAilc 
Motion be the fame, the Parameter . 
will be the &Be, whateverihe pi- 
reaioD of the Projeaioa be* 

Cisroip* %• 

The Velocity of a proje^M .Body 
in any Point of the Curvf vybich it 
dc/cribes, 4s the fane as it would ac* 
^uire in falling through a fioprth Part 
«f the Parameter. belonging to that 
Point ; and therefore the Velocitiea 
of it in difierent Points are hi » 
fi|b-dupiicato' Ratio cf the Parametera 
belongiog to thofe Points, {by Prtf, 
z») For the projeSed Body may W 
confidered in any Point of «the Curve 
.defcribed as if it ' began' to be moved 
firft in that Point according to the 
Tangent of it, and aftorwards do* 
icribcd the reft of the Curve. 

The Velocity of a proje^bd Body 
>is leaft therefore when it if in th^ 
' A^s of the Curve ; and is the fiipie 
at equal Diftances from the Axta 
on each S'de $ and the greater the 
more remote ' it is 
.frcmthe Axis: And Tab. XXIII* 
the Velocities of it Fig* ^ 
:ia different Points, 
are to eafch other as the Secants pf 
the Angles which the Tangentt to 
thofe Points when produced, makt 
with the hor'sonul Line. For 
let the ftreight Line PL touch the 
- Curve in the Point P | and meet any 
Diameter VH produced in L, and 
let' PO be an Od'nato from the 
Paiflt P to the fame DiaJDCter^which 
G 4 . iviU 
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»••'**'*« 1 8. Lajllyy In order to determine the Proportion ob- 
tb,*r2itf ferved by Bodies of uneqiial Weight in their felling, the 



uiufuaiif 

ditt u mt wfU therefore make the fame Angles 
ff(f9rtioH€i» with the horizontal Line FH , as the 
^htotbiir Tangent i>f the Curve in the Point 
fl^iigbi, V does. Now if P H be the Radius, 
PL» PO will be the Secants of the 
foiemefltioned Angles :''And if fs- 
eafy to ^ew from the conick Sedli- 
)dns, that thefe Secants are to each 
<5ther ina fub^duplicate Ratio of the 
■ jKrameters belonging to th6 Points* 
P and V, that is, < h '*• frtctdin^ 
Ceroli,) as the Velocities of the pro- 
jeOed Body in the Points P, Vt 

* Let the projeAed Body bfegin to 
move from ^e Pf«nt A, aceotdiilg 
jto«ny Direaion AT: Let the ho- 
ris^ntal Line^ AH be drawn, and 
AP ereded perpendicularly to it, and 
fqtial to a fbafth Part of the Para- 
Ineter of any Curve to be defcribed 
with a given Force. 
Tah. XXm*. Oo tite Diameter 
Tig. 3* AP let the Semi- 

circle ATP be der 
icribed, cutting the Direaion of the 
proje^d Body in T* From whence 
> let TF be let fall perpendicular to 
f A. Now Unce the projected Body 
can run through a Space double jto 
PA with the Velodty acquired in 
^tling thro* PA, and in the fame 

'Tfme'(*y Pr»^ V) *"«* fi"« t**»s 
Veloci^'it equal to that with which 
the projeded Bc^iy goes out from 
the Point A c {iy Pr9f. 9.) If AP 



follow- 

the Spa&e EH, and fo meet the Ho'> 
rizon ; but AH> is its horizontal 
Space, and AE the Altitude of the 
Parahola defcribed. Whence ths 
fjilowing Confe£biries flow alib* 

CoroU. 5. 

The horizontal Spaces dci'cribrd by 
a projected Body with a given Force, 
are to each other as the Sines of 
double the Angles which are made by 
their Dlre^ons and the horizontal 
Line ; And therefore its greateft ho" 
rizontal Space, is, when that Angle 
is half a right Angle ; and it is e- 
qtial to half the Parameter of the 
Curve defcribed ; and thefe .Spaces 
9re equal, whenthePlre^ionsof the 
projeded ,6ody differ from a right 
Angle by equal Angles pn each Side | 
for thefe Spaces are as the Lioes 
FT J and, if CT be Radius, FT - 
ia the Sine of the Angle FCT 
which is double EAH^ whenpe the 
reft arc madfiBft* 

Coroil. 6* 

The Altitudes of the Carres de* 
icribed, are to each other, as the 
verfed Sines of the aforefaid Angles^ 
for they are equal to the Lines FA* 

CoroIL 7, 

The Times whicha projedrd Bcdy 
takes up in defcribing thofe Parts of 



reprefcQta the'Time of falling from, the Curves, which arc cutoff by the 
V to 4f the projeded Body will be horizontal Line^ drawn through the 



'^rried in the Line of its DireAion 
AT through a Sp.ice double to AT, 
in the Tinne reprefentrd by the Line 
AT, and thro' a Space four Times 
the I^en^th of AT, in twice the 

'Time of AT. Let that Space be AE, 
»nd from E let the perpendicular 
EH be let fall to the hori^nta| 
Line. Further, in the T^tne reprc- 

' tented by /^T the proje^d body 

' i^l fall thhjugh the Space FA (iy 
JPr^. 1.) and in the Tilbe repre- 
sented by double AT, it will fail 

' trough fonv f'mti the Space FA 

or th'rouiih the Space EH.} That is, 

' in the fnme Tiofe that the Body by 

' Its projedile MJtion paiTes through 

|fac $pacc A^> it vsiil fail through 



Point where the Proje^on is, aret^ 
each other as the Sines of the Ani* 
gles which the DirnfHons m*Jte witii 
the horizontal Line; for they arc to 
each other as the Lines AT> which 
it PA be Radius, are as the Sines of 
the Angles APT> pt BAH. 

Prep. X. 

• • 
The horizontal Diftance PH^ of 
any Point .V in the Curve which th^ 
pioje^d Body de- 
fcrtbcs frrm the Tab. XXIII* 
foint F where the Fig. a. 
Prcjc£Uon is made f 
its p-irpendicular Diilance from tht 
Horizoa YH t and the AngJc LPH 
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following Rule is. diligently to be confidered 5 viz. that 
a Bcidy ^hich moves voy quick,' may incrcafc the Ce- 
lerity 
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which the^Diredion of thrproje£leii 
Body makea with the horizontal 
l«ine, being ^Tcn} to find the Pa- 
tameter and the Vehxity of the prf»* 
jeftile Motion. 

PH and the Angit LPH being 
ghren, PL and LH are gWen j 
wherefore becaufe VH is givea, VL 

ie alfo given g Therefore*—^ the. 

LV 
Panmeter is alfo given* And fince 
the Space which a Body falls through 
la a given Time, is given $ vi»» 16^ 
London Feet, in a iecond of Tiflie $ 
it is eafy to coUeft from the fgcond 
Prop, what the Time of the De- 
fcent through the gtven Line LV is, 
tiiat is, the Time which the given 
L'ne PL is run through by the pro- 
je£kUe Motion, (^ £. J. 

Prop. XI. 

Let B be a Mark or any. given 
point. Jet fiD be its perpendicular 
Piftance from the horisonCal Plane^ 
and iet.GD be the horizontal Di- 

ftaiice of another 
Tab. XXIIL given Point G in the 
^ig* 4> 5* fame Plane. LetGB 

be joined ; and from 
the Po?nt G, let GP be erected per. 
pendicular to DG ; and let the An« 
gle BGP behifeOed, by theftreigbt 
tine 4?N j Now if the Mark B be 
^it by a Projedion made accord- 
ing to any Direaioa GK | ]'fay,that 
the iame Mark B will be hit by \ 
Projedion made with the famePorce, 
according to another Pire^ion GL, 
w^ch shakes the Angle LGN with 
the bife^ng Line, equal to the An- 
'gle NQK.. Let the forementioned 
Piredions mpet DB produced, in 
the Points K and L. Becaufe the 
Velocity of the projeAed Body, ac- 
cording to the Lines GK, GL, is 
iuppofed Co be the lame, the Tim.es 
' which it jtakes up in paffing through 
them, are in the fame Ratio u the 
Lines tliemielvcs j but the Spaces 
which it faHa^ through from the 
Points K and I^, in thofis Thnes, 
are to each othier, as the Sqoares of 
the Times | fif Prtp. a.) they are 
tUrafote at QKq, |» OL9. New 



becaufe of the fittilir Trianglei 
GKB, LGB$ BK is to BG as GK 
to GL i and BK. to BG as BG to 
BL. Therefore as GKq ; is to GLq* 
ib is BIC to BL. Wherefore fince 
BK {iy the Hypotb: mnd Prop* g*) 
i« the Defcent of the projected Body 
from the Point K, in the Time GK 
LB will be its Deicent from thd 
Point L in the Time GL. There* 
fore {hy Prop. S.) the fame Mark B 
will be hit by thi Difcdioo OL iUb> 
Q;^E. P. 

fkrdL L 

If LK be blieaed ini F, DP wUI 
be equal to half the Parameter of the 
Curves deftribed. For the ReQan« 
gle of the Paiameter and LB li 
equal to GLq ; and the lUeiafigle 
of the fiime Parameter and KB» ia 
equal to GKq. Therelbic the Ree« 
tangle of the iahie Parameter and 
LK is equal to GLq ; «— GKq 1 
jor DLq— -DKq, or to the Rcc- 
tangle of DL^TDK, that is, LK 

into DL -f- pKi The Panacter 

therefore is equal to PL -f- DK» 

the half of which i4 PF« *^ 

Coftftf. 11. 

The nearer the Pircfilons GK» 
GL, are to the Line which bifeAi 
the Angle BGP, the Icfs is the Fores 
required to hit the Mark B { lb that 
there are no more than two Piite^ 
tions^ aUmg which the fiime Mark 
may be hit with the fame Foitc 
For let the biftOing tine meet BD 
produced in N. Now fince the 01- 
fc^ons GK, GL, are diftant from 
GN by equal Angles, {fif Pr^p, ]• 
Book VI. of Eucbd) it is evident 
that the Point F muft UXi higher 
•than the Point N, or DF muft be 
greater than DN; and if GL and 
GK appnach to GN, the Point F 
ought to €ome to the Pftint N, that 
is, the Parameter will be lefifeoed (^ 
tbe prece^ng Cor* a.) and conicquent* 
. Jy the Force of the projedik Motino 
l*yPr.^9.) 
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lerlty of another Body which moves flower, hj impelllxig 
it forward when it overtaken it -, but if we (uppofe it to 

have 



CofOL Uh 

V the Diieaioii of t|ie Force vith 
wiudi the given BAark B is hit, be 
tlie Imt GN it felf, wUch faiieai 
llie Aogk BGP, then that Force 
ie the leafty and the Diccffion the 
only one» in which the Mark B can 
be hit with tiiat Force t And the 
contrary* For when GK, CL, 
coincide with GVf, the Point F wiU 
coincide with Vi, and DN will be 
half the Parameter : Then the reft 
will foUow from Prop. XI, and the 
preceding ComUsirint 

CproU. IV. 

Hence we fee the Reaion of the 
Pfeclianical Prance of dice^iog a 
(Gannon ib at to hit tghe Mark with 
the leaft Fofce. For having fixed 
p plain Lopking Glais perpendicular 
Co the Bote of the Onnon ; let the 
Canvvn.be inciioed» till the Eye, 
looking along a Thread, hanging 
/reely with a Lead at the End of it» 
fan .fee the Mark refleaed by tl^t 
part of the Iiookiog- Glaifsover whidi 
theLoid hangs } Then, it is evident, 
from tb§ N^ur^^tf M^jitxioM and tbt 
^«€tding Coroi, mt yon have the Di. 
region repaired. 

The highedt Points which can be 
rhit with a^given 'Force, at any lko« 
j^egntal Pidances, .are all of them 
inr the' Curve of; a Pari^bob, twhofe 
.iFocttc la the Point ftom whence the 
xPrajeftloos are.fliad^ei .whofe Axis 
4s.per)>endicala« to the. Horiaon j a^d 
jthe Parameter to the Axi«, the fame 
.fs th«t.of ail. Corvei de^ibed with 
jM givan force* 

For let GPH be 

Tab. XXIV. aPanibob,GtheFo» 
}Fig..i* ens, GP the Ascia 

. . perpenticelar^ to the 
i Xio^eon ^ 4l|e ParaoMter to the Axis 
^theftme as that of Corves de. 
. ftribed with a given Force. Let. any 
Jkowattl. Ptfiance GD be taken, 

and kom the Point P^.ict thc^^cf^ 



pendicolar DB be ereOed, meeting 
the Curve in B| I iay, the Point B 
ia the higheft that can be hit with 
a given Force, at the DiAaooe GD { 
or the given Force is the leaft. tlMt 
can hit that Point. For if GB be 
drawn, GB-f.BD will be equal to 

half the Parameter of the Carve de* 
fcribed by the leaft Force that B can 
be hit by* For in onier to have 
that Force hit the Point B, the Di. 
reaion mnft hiUA the Angle BGP j 
(4y Cor, 3.) then by reafon of that 
Angles being fit bifcded, and DB« 
GP, -being parallel, 
the Triai^le GBN Tab.XXIII« 
will be Ifofceles ;» and Fig.4, and 5. 
GB + BD e^ial to 

DN, that is to half the Parameter ; 
as is evident from that * Corollary. 
Now in the Parsbola 
GPH, let PO be Tab. XXIV. 
an Ordinate to the Fig. i* 
Axis, and let the 
Tangent'BT be drawn, meeting the 
Axis produced in T ; then {heeauje 
from the iiaturooftbe Tarabola^ PO 
and PT, GB and GT, GO and 
DB are equal) GB -f- ^^ i* ^9^^ 
to double GP, that is, {byConfirnS^) 
equal to half a Parameter of the 
Oirve ddfcribed by a ^ven Force. 
Thereibre the given ^orce is the 
leaft by which the Point 3 in the 
iCuiveof the ParaboU GBH^n be 
hie I Whence the Thing propo fad ia 
manifeil. 

iforott. VL 

If DF be given 
.ai)d .equal to \^i Tab. XXIM. 
• tbe .Parameter of Fig. 4., and 5. 

the Ctt|rves pafling 
', thro* the Point B> and from the Point 
.F be taken equal Lines FL, FK, fo 
^ as that GL, GK, being firawn tiMgr 
.4nay make equal Angles with the 
. tone GK» which bife^ jthe Angle 

BGP \ CL and GK wiU be tbe 
',DfKe£Uons of Force with' whi^h 
^[tbojfe Curyes piflbg through .B will 

■,H^€r?^f<» 
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have neither greater noi; lefs Celenty, than that which it 
meets with, it can (ml? go along with; dr fbBdw in its 

FaU,, 



t6f 



Prop. XII. 

GD the horisQBtal 
TaV XZIV. Diftaoee of the Point 
T4.t, and 3. B^ DB the Altitude, 
andDFhilfthefa- 
rtneter, Mag ^ven to fiod ; to find 
Ae DireftioBs required to hit thai 
Pbint. 

Utthe Perpendicular GP be erec« 
td from the Point G to GD $ be- 
cnfe GD, DB are given, the An«> 
lie DGB, and ctofequently the An- 
gle BOP is given. Let the Angle 
BGP be lACcOtd bf the Une ^U 
Acetiiig Db prodoced in N. Now 
if the Pointt F and N coincide, 
GN will be the Diredion fought 
(*r Cor. 3. Pr«p. XI) If the Pbint 
K hSit tboTc F, the Point B cannot 
be bit at all with a f^tn Pan'me. 
^ w a ^ven Force ((y tbt famg 
C'r.) Bat if the Point N falls-beJow 
F; from the Point F let FR be e- 
••^ pcrpendTcaUr to DF, meet<- 
iog GN produced in R $ let the Line 
Gft be Mieaed In S, and froth 
^Fobt S let SC be ereOed per. 
pewiioilar to GR, meeting FR pro- 
*««* in C. Gn the Center C, With 
^e Diftuice CR, |et a Circle be 
wcribed, cutting BD produced to 
^ao^L, andifGfC, GL be drawn, 
^ey 'will be the Direaions fought. 
*« it it evident from the Conftruc* 
^j that FL and PK are equal, 
^ that the Angles LGR, RGR 
*'^ y^ alfo ) whence the reft are 
•Miftft firom tbe 6tb Corol, of tbi 

'^ famt demonfiratid amther 
*^*jr. From the Point F let FC be 
erefied perpendicular 
^ab. XXIV. to DF and equal to 
% 4* BG I and 00 the 

^, Center C, with the 

i>i<»Hi BP let a Circle be deicnbed 
.^^g BD produced in the Points 
^uidLt TheoCK and GL wlU 
*^ i:Kfeftioof (ought. 
, Fbr CKq^FICq that is, ^q 
.!rFKq \byC9Mfiru9m) \i equal to 
^1 or BGq. Therefore as BF 
r^^^Kor BK ia to'BGj fo » 
JO to BF L|_ FK or BL, thereftire 
;f« Tntngitt KBG, LBOare* Cliii. 
7 i [h ^r<f. 6. Book VL of Sm- 

^H) iheielbK the Ad$\^ KQ9, 



SLG are eqnal; thai it. If Gl^ be 
«re6led perpetodiculat to GD, the 
Angles KGB. LGP will be equal t 
Therefore ilF die Attgbe BGP be hi- 
feded as before by the Line GN, 
the Angles LGN, NGK will he 
equal : Therefore {iy C6fot. 6. Pr^« 
mi*) Gk, OL sfre the DiffeOloHl 
taught. <^E. J. 

Cohtt. U 

Fftim the formed GohftlnAion 
there flowsim Aifltlteetictl Rele dJF 
icdiring the fiime^^o* **.w vanW 
blem $ vi«. potUog S Ir^^jS, 
for the Sign of Uie f^«-»-*»«3^ 
given Angle BGP,and GD ' 

V for iuverfed Sines Vn S» 

DF 
Vili be equal to the verftd Sine of 
the Difierenae of Elevatiorfs, or -of 
the AhgleLGK. Thehilf ofwhwh 
Angle, if it be added to and fub- 
ftrs^eii^from thegtvoa Aagte-OGR 
or half itr Supplement, to two Right 
Angles BGP, the Sum and the Dif- 
ference will beDGLiDGK, the An- 
gles fought. 

For DF or GP is the Sine of the 
Arch RKG, that is, of double the 
Angle RCS \ that b, (becaofe oJF 
the common Complement PRG) ef 
double the Angle PGR, or (hyCon^ 
fima.) the Angle PGb. And PR 
is the veried Sine of the fiime An« 
gle ; and PR— .PF the verfed Shie 
of the Arch KR or of the Angle 
LGK. And 4t will calilv appear that 
the Angle RGD is half the Supple « 
ment of BGP to two Right Angles. 
Whence the Reafoo of the Rule *!• 
evident. 

CoToU* IL 

From the fame Conftfiiaion.flewa 
lilib another Arithmetick Rule, by 
which OD^ the Angle BGP, and 
either of the Elevatieos DGR or 
DGL, being given, the Paianeter ia 
found } for if fiGP is given, RQD 
Is given alfo ;' from whence DGIC 
or DGL being given, RGK* it 
' given. Let v be the vcrfcd Sine of 

•S 
doiibig RgK, and GD^ will 
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Fally without making it move &fter than it did before* I 
Thus for Inftance, if two Men of equal Bignefs fhould I 

join 



be CQttl to half the Parameter. The 
Reaion of this Rule if the lame at 
the former* 

jinotbir fTaf* RGD and one of 

the Elevadona being given, the o. 

thcr of diem ii 

Tab. XXIV. given. Wherefore 

fig. %, and 3» as the Radios Is to 

half the Sam, in 
one Ca&y and half the Difieieoce 
in f the other Cafe of the TaogeoU 
of the given Elevations ) lb is GD to 
half the Parameter. For DF, or half 
the Paitmeter is eqnl to DL-f-l^K 

fy Cflf . U Prop. XI* » ■ 

CoQceroing this whole Matter, fee 
tiie famous Dr. Halhf% Differtadon, ' 
In the Pbibffbicaf Iranjdaiw* % 
end th* learned Dr. Keitt Pbyfch, 
where jvi wiU find moft of thefe 
Thinp largely demooftrated in ano- 
ther Way. 

Of btavy Bcditi faffini in a Cy* 
ibid. 

The Prapofirions cwieerntr^ the 
Defant of Bo^e* i» a Cycloid firft 
Ibund ODt and demonltfated, by the 
famous Mr. Hugens, which depend 
upon the forementioned Law of 
Gravity $ may very convcmently be 
added in tills Place, 



Lenma h 

Let there be a Circle defcrlbed on 
the Diaibeter AC, which is cut at 
right Angles by D£ $ 
Tab. XyV. from the Point of 
Fig. I* the Diameter A, let 

the ftreight Line AB 
be drawn, meeting the Drcumfe* 
rcBce in B, and DE in F, and let 
AB be joined. I lay, AB, AD> Aff 
are cootfnaal Proportionals* 

For if BD be drawn ; the Trian« 
gles ABD, ADF, are limilar, becaufe 
the Angle A is common, and the 
Angles ABD, ADF, are e^al,. be- 
- caofe they ftand opon equal Arches 
AD, AE« Whence the Pi0pofid(»i 
iaevidcau 



Lemmt IL 



Let there be any Carve AH con- 1 
cave on one Side, and let AG be a 
Tangent to it in thePoint A. Let AD 
be a ftreight Line, 
anyways inclined to Tab. XXV* 
this Tangent, and Fig. i. 
let BC, parallel to 
AD, cut the Curve in B, and the 
Tangent in O I iky, if the Arch 
AB be iniinitely fmall, that Arch 
and the Part of the Tangent, inter, 
cepted betwen the Parallels AD, BC, 
may be looked upon as equal and 
coincident, and may therefore be pot 
for each other. 

Let another ftreight Line touch 
the Carve in the Point B alio, 
which meeting the other in E, lei 
it be any ways produced, let FQ be 
drawn parallel to BC, meeting each 
Tangent produced in the P^nts F 
and G } and let AB, the Subtenfe of 
the Arch be drawn. 

It is manifeft ; that the Subtenie 
AB is always lefs than the Arch| 
and the Sum of the Tangenta AE, 
EB, is greater } now if tlie Point 
B be conceived to approach to A, 
and during that Motion the L*ne 
BC is carried always p«r^liel tp it 
U\f i it in manifeft that the Angle 
BEC will be perpetually diminiih*4i 
till it becomes le& than anygivep 
Angle whatfoever ( and by th^t 
Means the Point F will approach 
nearer to G than any given Dtt. 
t tance whatfoever, and therefore the 
Lines EF, EG, wiU b$ nearer to 
Equality than any given Dif^rence, 
whatfoever t That is, EF and £Q 
may at laft be accounted as equal* 
.Therefore EB and EC (wbofis Ratio 
to ea(ch other is the fiime as £9 
to EG, iecaMfte/tbe/miiarTriai^f 
it* EbC, EFGj and alfo AE-{»EB 
and AC (AB being addefl to cac|l 
pf them) may be efteemed eqoal 
likewife« In. the £ime aaaniieri 
may it be ftewi^ alib» that the 
ftrei|^tLiflC9 AB» AC, when thf 

Poi^t 
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join Hands and leap tog^hep from the Top of a Bridge 
into the River y we have no Reafon to think that they 

would 



toy 



Point B approaches to A, may at 
hft be accounred equal alfo ; And 
much more therefore may the in- 
fioitely (mall Arch AB, which it 
oi an intermediate Magnitude be- 
twixt the Sobtenfe AB, and the 
Sam of the Tangents A£, £B, and 
^e Tangents AC be accounted e- 

Thst the infinitely fmallArch and 
the Tangent may be looked upon aa 
coinciding, is evident from hence j 
tbat from the Nature of Cunrature, 
tliere can be no ftreight Line drawn 
between the Tangent and the Curre 
•C the Point of Contaa. 



Prop* L 

Let ABC be a Se- 
Tah.XXy. nicycloid defcribed by 
^^g* 3> the generating Circle 

AVD} LetitiVer- 
ta A be turned downwatds, and its 
Axil AD be ere£ted perpendicular 
to the Horison* Let any Point B 
^ taken in it, aild the ftreight 
^ine Bl be drawn downwards from 
thence touching the Cycloid in B, 
u^ terminated by the horizontal 
^reitfat Line AI : Let the ftreight 
I'incFBbe alfo drawn perpend icu. 
hr to the Ans ; and on the Diame- 
ter AF let the Semicircle AFH 
^ defcribed. Thrn through any 
^oot M in the Curve PA, let the 
ftreight Line MS be drawn parallel 
to BF, which will meet the Circle 
AHF in H, and its Diameter in S« 
^ al(b ftreight Lines be drawn 
^<><i<hing each Curve in the Points 
M and H. And let MN, HT, be 
*^rts of thofe Tangents intercepted 
hetween the two horizontal L'nes 
MS, NR ; tnd let OP a Part of the 
Taxigent BI, and SR a Part of the 
A^t DA, be included between the 
lame Parallels. 

ThefeThings being fo ; I fay, the 
Time in which a heavy Btdy will 
tvn through the ftreight Line MN 
with an equable Celerity, fuch as is 
<^lred in falling through the Arch 
«f tne Cycloid BM ; ia to the Time 
wt the fiteight Lta« OP irouU 



be ran tfaraugh with aa equaUc 
Celerity, fuch as half that which 
is required in falling through the 
whole Tangent Bl j as the Tangent 
HT, it to the Part of ^ Asia 
SIU 
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Fgom the Point A to the Points 
Vand L, in which the Paralleia 
BF, MS cur the t<Aerating Circle, 
letnhe-^ight Lines AV, AL be 
drawn cutting the Parallels MS, NR 
in the Points K, £, G } let AH and 
FH be joined, and the Radius qH 
of the Circle AFH be drawn. 

Now becaufe the Spaces run throT 
with an equable Motion, are in the 
Ratia compounded ef the Timei 
and the Velodtiea with which th^ 
are run throng } it follows, that 
the Times are to each other ia a 
Ratio compounded of that of the* 
Spaces direaiy and the Velocitiea 
inverfely. The Time therefore of 
running through MN, to the Time 
of runiung through OP, is in n 
Ratio compounded, of the Ratio of 
MN to OP, and of the Ratio of 
half the Celerity acquireil by falling 
through AF \ to the Celerity ac« 
quired by &Iling through FS {kf 
the Hypotb, and by Prop. 1 V« and 
Coroll. Prop,Vh above f tOHCorm^tb$ 
Dtfitnt of bea^ Bodies,) Now the 
whole Velocity acquired In falling 
from F to A, is to the^ Velodty 
acquired in falling from F to S, as 
Fa to FH, {by Prof. 31. Book III 5 
and Prof 8. Book VI. of Euclid ; 
and Prof, II. above, ^conaming tbt 
Defcent of heavy Bodies) ' Half the 
Velocity therefore, acquired in Ail* 
ling from F to A, ia to the Velodty 
acquired from F to S, as FQ to 
FH. The Ratio therefore of tLe 
forementioned Times, is compound. 
^ of the Rations of MN to OP, 
and FO to FH. But {by tit Na* 
turt of the Cycloid) HI is parallel to 
AV, and MN to AL, and there^ 
Ibtc GL ioi K£ arc ecpal to MN, 

OPt 
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waaii ^i quicfcer bccaufc tjiey are thus joined tc^ther, 
tbm if tiby had laqped in fcparatdy. ' This being fuppofed i 

fmce 



OI^« W|fcre^.t]u forcmeationei 
]Latio» if comppua^ed of the Ratio 
of CL to KE, tnd FQ^to FH* 
But GL Is to EfC, M AL to AE, 
^t it, M AV to A L^ {hjfjam^jj 

thattf^ai y/At x APtoy/ AS x AD> 

that li, n V^ AF to V AS", that !■ 
•8 AF to AH, that is, as FH to 
HS« The Ratio of the foremention - 
cd Times therefi>re, U compounded 
of the Ratio's of FH to HS, and 
FQjto FH, that b, the Times are 
to each other as FQ^or" QH lo 
HS. Bat it may eafily be made ap- 
pear yr^M Prof»J%. Book llh snd 
^rop, %• and 8. BoekVl. tf Euelid, 
that QH is to HS, as HT to SR. 
Tlie Tunes therefore of tnoring 
dirough MN^ OP, with the fore- 
mentioned Celerities, are to each o« 
therat HT toSR. (^E. D. 

Prop. II. 

Sttppoie fhe Pofidon of the Cf - 
cloid $ the line 6F, AF, BI, AI ; 
and the Semi-circle FHA $ the 
ikine as in the foregoing Propofi- 
tion : I lay, the Time of moring 
through the Tangent BI with the 
e^uftble Celerity of half that which 

is acquired in falling 
Tab. XXV, through BI, is to the 
Fig> 4* Time of Pefcent thro* 

the Arch of the Cy- 
cloid BA, as the Diameter of the 
Circle, Is'to half its Periphery* 

Suppofe as many parallel Lines 
as you pleafe, equidiftant from each 
other to be drawn between FB and 
AI, which will cut the Line FA 
in S, R, &c. ; the Circle In H, i, 
&C. and tlie Cycloid In M, r, &c. 
its Tangent BX in O, P, &c. And 
firom the Points where each of 
them interfeA the Grcle and^the 
Cycloid, let the Tangents to each 
iCUrve, HT, MN, i k, r s, be drawn 
to the following Parallel, as in the 
liguit. 



The Time of moving througji 
OP equably with half the Celerity 
acquired in falling through Bl, is 
to the Time of moving throogi^ 
MI^, equably with the Celerity ac* 
quired in falling through the Arch 
of the Cycloid BM \ as SR to HT i 
A»d the Time of moving through 
PQjirith the lame Celerity as through 
OP $ is to. the Time of moving 
through r f with the Celerity acquis 
red in falling through the Arch of 
the Cycloid B r, as RE to i k, and 
fo on, {(by the preceedtng Prop.) 
Therefore fince every one of the 
equal Times of the equable Mo- 
tions, through the equal Lines OP, 
PQ, &c. {by ConftruB.) are referred 
to fo many other Times of Motion, 
VISE, through theTangeots of the Cy . 
cloid MN, rf, &c. in the fame 
Proportioo, as the eqoal Lines SR, 
R.E are each of them referred to 
the Tangents of the Circle HT, ik 
&c. The Sum of the fbrmer 
Tiroes will be to the Sum of the 
latter Tindes » as the Sum of the 
iformer lines <o the Sum of the 
latter Lines- liet therefore the 
Kumber of the parallel Lines lying 
between FB and AI he infinite, 
ahd let the Tangents to each. Curve 
be drawn in the fame Manntr aS 
before, and the Proportion wiB 
continue the fame* And as by this 
, Means the Som of the Tangents 
of the Circle will coincide with 
its Semiperiphery FHA, and the 
Sum of the Tangents of the Cycloid 
^viil coincide with its Arch BA ; and 
the Motion through the infiaitely 
finall Arch of the Cycloid contained 
jbetwixt the two contiguous Parallels, 
may be conceived to l>e the fame as 
that which was fuppofed through 
the Tangents : {by Lem, a.) It ftd- 
Jows i that the Time of Defceat 
through BI with the forementioocd 
Celerity, is to the Time of Defceat 
through the Arch of the Cycloid RA*i 
'as the Diameter FA is to its Semi* 
peiiphery FHA. Q;,£* D* 
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fince it is certsun that the difFerent Parts of a hearjr 
Body, are as fo many iimrkr Bodies^ none of which 

have 
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Prop. III. / 

In a Cycloid whofe Axis is per- 
peodkular to the Horizon, and 
wiiofe Vertex it turned downwards $ 
die Time in which a heaty Body 
let fill from any Point of it^ will 
amre at the Vertex, it to the Time 
in which it woald fall through the 
Axil of the Cycloid, as half the. 
Circamference of the Circle, is to the 
Diameter : And therefore the Timet 
i& which a heavy Body let fall 
^m any Points whatfoever will 
trrire at the Vertex, are equal to each 
other. 

I^ ABC be a Cyclwd, A th«; 
Vertex turned downwards, AD the 
Aids perpendicular to the Horizon | 
And let a heavy Body be let faU 
from any Point B $ Let BI be a 
Tangent to the Point 
Tab. XXV* B, meeting the ho- 
^%' 3. rizontal Line A! in 

I i and from the iame 
Point 6, let the Line 6V be drawn 
P>nUel to CD. meeting the genera. 
H Ciicle in V, and let AV be 
joined. 

The Tine of Defcent through 
^ Ardi of the Cycloid BA, it 
to' the Time of Defcent in the 
T<n|ent Bl with an equable Cele- 
nty «<ia>l to half that which it 
voild acquire in falling through 
BI ; as half the Periphery of the 
Circle, it to the Diameter {iy tb§ 
pteedittg prop,) But the Time of 
Delcent through BI, it equal to the 
Time of let Defcent by a natural 
Acceleration along ths fame 61, {by 
^np, m, cf the Defcent of beavj 
^adtei) Of along VA, which is pa- 
l^lel and equal to 61 : {by the Na-- 
'i»rt oftbeCycbid.) An.1 the Time 
jf Dcicent along V A, is equal to the 
Time of Defcent along DA ; {by 
^*P' V, of the Defitnt of bia'uy 
f^eu) Therefore the Time of 
l^efcent alohg the Arch B A, is to the 
Time of Defcent through tHe Axis 
I>A ; as half the Periphery of the 
Circle, is to the Diameter. 

And iince the Time of falling 
'throagh the Axis it given ; and has 
fte fame Proportion to the Timet 
<>f Defcent through any Arches of 
the Cjrdoid fib (he Vertex j it it 



evident that all thofe l*hkiei of DC^ 
fcending muft be equal to each odier« 
q^E. D. 

Corolt* 

It ft manifeft, that wheto the 
heavy Body comes at the Vertex^ 
its Motion condnniiig, it muft ito 
afcending deleribe tn Anh of the 
Cycloid in the fame Time, equal 
to that defcribed in defcendlng { 80 
that the Time of its whole Moti. 
on, will be to the Time of its De- 
fcent through the Axis, it the Cfr* 
cumference of a Circle to the Dia- 
meter. Se* HmgeitU koroi. OfiUF^ife 
II, fromProf, 16. to tbgBndo/thmt 
Part, 

The Equality of the Thuet In 
which a heavy- Body, let go froni 
any Point of a Cycloid,' ceoiet to 
the Vertex of it, may alfo he d<« 
monftrated in the following Mta* 
ner. 

Let a Body be impelled In the 
Line AC, towaids tile Center C, 
with an acteelerative Force, which 
Is evevy where as the 
Difbnte from C I Tab. XXVL 
Uy, that from what Fig* i« 
Point foever of the 
Line AC, the heavy Body is let fall, 
it will come to the Center C in the 
fame Time. 

Soppoie any Line ae uneqod to 
AC \ >ind let either- of them, as AC 
be divided into at manyoquat Parte 
*t you will, AB,, BG, GC : Let 
the other Lhie ac be divided into 
at many equal Parts, ab, bg, gc4 
Let US imagine the foppo&d Force 
to aft only in the Beginnings of 
thefe Parts, fo that each of them 
may be run through with an equa- 
ble Motion* And let two Bodies, 
impelled by that Force, begin to be 
moved together, firom ^e Pointt A, 
a, towards C, c. Now beciufe the 
Celerities, with which the Piftt 
AB, ab, are run through, are at 
the Forces, with which the Bodice 
are impelled in the\ Points A, a ; 
And thefe Forces are to each other 
{by the Hypotb,) as AC to a c, or 
as ABto abj Th^reltlre AB, ab, 
will be run through in the fame 
Time* Let the atioelerativo Foose 

aa 



IIS 



ROHJUL^sSYiTzu 



m 



have more Tendency to defeend quicker than the other y 
wemuft conclude that they will all defcend together with 

the 



■ft wpin with a fecond Impalfe 
io the PoiDtt B, b : And becauic 
the Incremeiiu of the Celerities are 
propo r tioiMible to the Impoifes, or 
to the ecceleratiire Forcet^ tlut it, 
to the Lines BC, he^ (iy the By- 
fotb,) or to AC, I c ; or to the Ce- 
kittiet generated by the firft Im. 
pttlfie, the whole Celerities after the 
iecond lapolfe, will be proportion- , 
able to the Celerities after the firft 
Impolic $ therefore the Lines BG, 
h %t c^oaI in Proportion to tlie 
former^ will be ran through in the 
lame Time For the lame Reaibn 
the Lines GC, gc, wiU be run thro* 
in the (ameTimey after the third 
Impnlie* Let the Nombet of equal 
Parts in the Lines AC, a c, be in-* 
creaied infinitely^ and con^queotly 
their Magnitude diminiihed in the 
lame Manner j fo that the Bod'ea 
may be contiaualiy impelled by the 
fiippofibd Law of Acceleration ; and 
the fiune Reafoning will hold good. 
Wherefore in this Cafe, the Times 
of Delcent through^ AC, ac, are 
equal* Now let ABC 
Tab.XXVL be a Cycloid, whofe 
Fig* a* * Axis AD is perpendi- 
cular to the Horicon, 
its Vertex A turned downwards, and 
the genertting Ciide AHDl Let 
the heavy Body be placed in anyPoint 
of it, as B ; and let BO be drawn 
perpendicoUr to the Horizon, BF a 
Tangent to the Cycloid in the Point 
B) and FG a perpendicular to the 
Tangent j fo as that thqr may form 
the Triangle fiGF. Let the Force 
of Gravity, whofe Diredion is ac- 
cording to the Line BG, be refolv 
cd into two other Forces BF, FG % 
of which two Forces, it is the Force 
BF only by which the heavy Body 
is impelled in the Point B to defcend 
in the Cycloid \ the other Force ?G 
if taken off by the Refiftance of the 
Tangent or Curve. Now if BH be 
drawn parallel to CD, and meet the 
generating Circle- in H and AH, 
DH be joined ; then becaufe BF is 
inrallel to AH (hy the Nature pf 
tbi Cycloid) and BG parallel to DA 
( by ConftruS, ) and the Angles F 
and II Right Angles, therefore the 
Triangles BFG, AHD, are fimi- 
iar« Wheiefofc, as Bi" is to t;Cj 



that is, as the Force w'th whick 
the heavy Body is inrpelled in Bw 
is to the Force of Gravity ^ fo is 
HA to* AD* Wherefore becaufe 
the Force of Gravity is given ; the 
Forces with which the heavy Body 
if impelled in every Point of the 
Curve, are to each other, as the 
Lines AH, that is, as the Arches: 
of the Cycloid AB, which {fy tbt 
Naturt of the Cycloid) are double 
the Lines AH. The Forces there- 
fore with which a heavy BodjK 
deicending tiirough the Arch of a 
Cycloid, Is impelled , are as its 
Diftances from the Vertex A* 
Wherefore from what Point foever 
ft is let fall in it , it ^11 come 
to the Vertex in the fame Time. 

Q;^E. D. 

Prop. IV. A Problem^ 

To make the Vibrations of a given 
Pendulum to be all performed in the 
(ame Time ; or to make a Pendalua 
vibrate in a Cycloid* 

Let CF the given Length of a 
Pendulum, be perpendicular to the 
Horisoo ; which being bife^d ia G^ 
and DC I drawn perpendicular to it 
through C \ let two Semi-cycloads 
be defcribed from the 
Point C, by a gene. Tab. XXVI. 
' rating Circle, whofe Fig. 3. 
Diameter is CG, and 
let thur Bales be CD, Qi» end their 
Vertexes A, N. Let AN be join- 
ed, which will be parallel and equal 
to D(, and will therefore be the 
Bafeof a whole Cycloid defcribed by 
the fame generating Circle as CBA, 
CN. Let this Cycloid be AfN. 
Now if a heavy Body be hanged in 
F upon a Thread CF or any fuch 
Thing which will bend y and fo ofcil- 
late upon, the Center C between the 
Semicydoids, CB A, CN, that when, 
ever it moves from the Pcrpendico- 
lar, the upper Part of the Thread 
may bend upon that Cycloid towards 
which the Motion is made, and the 
remaining Part which is not applred 
to the Cycloid, be ftretched out in a 
ftreight Line ; I iay, the heav)^ Bo^y 
will always be foood in th<. Cycloid 
AFJ^ 
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the (ame Celerity that any one of them would : From 
wkncc it evicjcntly follows i that a heavy Body of a 
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Let the generating Circle of ^he 
Cycloid AFfi be deicribed on the 
M$ GF ; add from tlu Point S 
when the hea^ Body is, when re- 
Qored from the perpendicular, let 
IL be drawn parallel to AG« meet- 
iafthat Circle in L, andlet GL be 
joiaed. JFrom the Point B, (in which 
the Thread BB touches the Cycloid 
CBA, the reaaintag Part being beat 
upon the Arch CB) let BH be 
^fraptrtllel to AG aliS>, mee^g 
ihegeocnting Circle AHD in H ; 
>Bdiet AHbe join^. 

The whok Leogthof the Thread 

CBE, is equal to twice AD j (by 

^o^ruSim.) Therefore it is equal to 

^ Semieydoid CBA 5 {iytbtNa^ 

i^cftbi Cychid) and the part of 

Jc Thread CB is equal to the Arch 

2» ^ ^liich it is applied J There- 

■"ctbermaiolng part of it B^, is 

«^wl to the reinaxnt«2 Arch BA, 

J» is therefore eqaalto twice tlie 

Tocht Line AH ; {hy tht Nature of 

' ff>iCjcl^) Ij ,)r^ to^es the Cy. 

i «»J4iaB} iher^foK [kj the Ifatan 

*Jfi>i Cycloid) it is likcwife parallel 

>AH} Therefore AH and BfCare 

I ^y and therefore BKand KE arc 

J«al tlfo : Therefore the parallels 

*^«ildBHare equally diftant from 

*^ I Therefore they cut oB equal 

Afches of the generating Circles, 



th^ fipalle^ V;l>rat:oni of « Pendo* 
Jum ofcillatiog in a Circle, att alio 
▼ery nearly equal tocadbodietz and 
have very oeairlf the Uitm Raoo (9 
the Tiine pf the perpendicular Fall 
through half the Length of the Pen* 
dulunk; as the CttcumfiBience of a 
Circle has to its Diameter* 

CoroU, 2, 
Hence tlfo appears a Method 6f 
determioiog tbi Space fbnl' which a 
heavy Body runs, in filing perpeiril- 
culariy, in a given Time* For the 
Ratio of the Time of one Ofcillati- 
on*, to the Time of tbi Fall tbh* half 
theljmgthofthePklidiiluffl, Is gi- 
ven. By Ending therefore the Time 
In which a Pendulum of any givei| 
Length perfenm « ^Qglo Vlbratloti { 
the Time of falUnj^ thro* half the 
Length of tne Ame Pendulum, ii 
given. Whence (by Prop. IL 'j/ tbe 
IfitJcMt •/ beany B9iU%) the ^fe^ 
which ic will run thro* bylalliagift 
any other given Time, is colld^^ - 

Hence alfo may be/ound & Me- 
thod of deterifiioing an miiveriaUnd 
perpetus^I Meafure of' Magnitudet. 
For the Law of Gravitation, opoa 
yrhich the Iwegoing Propofiiiona de- 
pend, being allowed } a Penduluaaof 
the fame Length, will always and'fil 
all Places , perform Ibme certain 
^Number of Vibrations, in a giftpi 



»^«GL equal to ^H and LF equal Time. This Length therefore ni»y 
w HD: Therefore GL and AH be made an univerfal and petpe'uial 



WptraUel j and therefore GL and 
^E Mt partUel : and therefore EL 
»«!<al to KG. But KG {becaufe of 
*^feralUh Uji, KB, and hy tbe 
murt •/ tbt Cye/oid) is eqoal to the 
Atch HD, that is, to the Arch LF j 
Wore EL is alfa equal to the 
f™*,^P} Therefore (by tbe Na^ 

Tt '*' ^/^M A« Point E is 10 
««^CycloidAFN. Q^i-O, 

^. ^ Coroll. I. 
J **« it appears that the Ixtremltjr 

. ' •^' Pcndi^lum vibrating between 
'r^;j>Cycloida CA, GN,dffcnbes 
*2* Cycloid AFN equa to either of 
|Mm J njd f,om i(3 fo defcribing it, it 

«fT°n'* ^* **»« ▼e^ fa»" P*'«« 
Y^ Curve taken on each Side tbe 
crtex F, io nearly coincide with 
Z^ iniali parts « f the Circle taken 
•J ^ Side the fame Riint F ; 
• '^<we It follows, that th« timca of 

Vol. IL 



' Meafure, becaufe it can always be de- 
termined by Experin^ei^t** Whence 
it follows, that haying once deter- 
mine the Proportiorf which the 
Meafufei 9f tbe Magnitudes, in acy 

S8tion;|beats.to that Length; what 
e Quaiitity of thofe Meafures is, is 
eafll^nowh at any time* Now the 
Length of that Pendulum m^yhe de- 
termined, by cblerving bow many 
Ofcillationsjin that given Time,ane- 
ther Pendnlnm of any Lergth; per- 
forms' For the Lengths Qt Pendo- 
l^ms are to each other, a? the Squares 
of the Times in which a (ineie.Of- 
cilktion is mide; {by Prop, ill* 
preced. oMd Pnp U« if tbt Qefieuttf 
beavy Bodies ^ and therefore th^y 
are reciproca.lv as tbe Sauare of the 
Nuniber'of O/ciUations made in the 
fiirae Time* ^t Hmj'e^iut's'Horfi* 
Qfdi Far* 4. PrQp, 25. and 26. 

H hundred 
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jiunircd poiind Weight, for E^ampte, will not defccn<i 
' quicker than another Body which weighs1>ut one Pound ; 

or thdt if there be' any difference, it is imperceptible 
And this is csonfirmed by Experience, contrary to the 
Opinion of jtrijffftk and a great many other Philoia- 
ph^fs, who were pdrfuadcd, that the h^vier a Body is, 
$fae -quicker in Proportion does it fall. 
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CHAP, the Laft. 
-7 . Of the Mutn^and Reflux of the Sea, 

f. mtf/«f,*TpHAT which' we caJl the Flux and Reflux of tl«s 

7/txand^'- ' ^^*' JS a particular Motion of its Waters, which is 
n^ux^/tbriomi' :tq be regulwr aiid- certain, though the Tin^e and 
Sea. ' Manner is not the fame in all Seas. 

^. HhattU % We obferve upon the Coafts off France^ that the 
Seafiowt Water of the Sea runs at certain Times from South to, 
^J'curs^iLt North ; which Motion' b calksd the Fluxof the Sea ; it 
toe Coafi cf continu^a about Six Hours, during which Time, the 5ea 
jrancf. /wells gradually, and rifes upon the Coail entering into 
the Ciwnncls of the Rivwrs, and forcing the Waters back 
tdWards' their Springs. - / . -.^.v . 

3. nhattha] 3, After thefe Six Hours in which th« Sea continues 
Sea ehbsjor to flow ; it feems to ftand.llill for about a qiiarter of an 
%Ice"ef Hour; and then it changes its Courfe and runs from 
'Iiifu. Nforth to South for. Six Hours more; during which time 
the Waters on the Coaft abate, and thofe in the Riverjj 
go in their ufual Courfe as their Channels direft them. 
This Motion is called the Reflux of the' Sea ; after, 
which it feems to ftand ftill again fot about a Quarter of i 
9ft Hour, and is then fucceeded by a Flux and alter that! 
a Reflux as before* > 1 

'ibat tSfe 4* Thus the Sea is pbferved to riife and fall twice every I 
ii^eti akuK D^y > but this docs not happen exactly at the fame Time, 
Sfty^^' becaufe It takes up more than twelve Hours from onq 
k^tei laur Y\\xx to another ; and if we would know exaftly ho\^ 
t^7anotLr> Ipng Time it takes up; we muft obferve it a great many 
Days together, and then it will appear, that the Flux of 
it falls about fifty Minutes later every Day than o^her. S«| 
that if we fuppofe the Seai begins to rife any Day at NoGni 
•it will not begin to rife exactly at the fame Time the neacc 
Day, but about fifty Minutes later, that is, three Quari 
ters of an Hour and five Minutes later. ^. Now 
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5. Now becaule there is jafl: the fame Difference of 5* Tiattit 
time iii the Moon's being in the Meridian one Day, JX^^;/"^ 
and the Day following; we may affirm that the Scsitt»Jttbt 
rifcs as often as the Moon paffes through the Meridian, ^*'* '*/'» 
as well below as above the Horizon j and alfo that . it ^^^'lH' 
fidb as £^en as the Moon is in th^ horizon, 95 vr^tb^amTatn. 
when rt fets, as when it rifes. 

6. We obfcrve alfo another conftant Agreement be- ^'^ae tht 
t^rixt the Moon and the Sea j and that is, that though I?^J^'2 
Ac Sea increafes every Day, it does not incrjeafe every tfo, jv«i 
Day alike; but the Tides are fo much the greater u'^Fuff 
the Moon draws nearer to its Conjunftion or Of-JnaVtrbif 
pofition, and fo much the lefs, as it is nearer the QnarPtrffAt 
dratures. MmL 

7. Laflly, The Increafe of the Sea is feijifibly greater 7. Thattbi 
at thofe new and full Moons which happen neareft the ^'''« *'■* 
Equinoxes than in any other part of the Year. ^lu'^/fbe 

8. Very near the fame Thing hath been obfervcd in EfuinoMiu 
all the Coafts of Europe that arc upon the main Ocean ; ^.j^'^ '*' 
but the Flux is fo much the greater, and hapipens fo^'^J*^^* 
much the later, as the Coaft on which it is, is more farticm/ar 
northerly ; and on the contrary it is leaft of all and fcarce ^^^' ^f^ 
fenlible between the two Tropicks. '^' 

9. The Mediterranean Sea does not fwell at all, 9. Hew it it 
except at the Bottom of the Gulph of Venice^ that is, '« '^« Me- 
at Venice itfelf and the Neighbouring Places ; every ^'^^^^ 
where eUe there is nothing to be feen, but the comnnioii 
Motion along the Shore* 

10. T^he Balticij the Euxine Sqslj and the Dead Sea 10. n^e in 
in JJia^ have no Flux or Reflux at all. * fi^ ^*** 

11. Notwithftanding what fome have writ ab<^t the j/^/^J**;^ 
fiuripus ; it is very certain, that nothing clfe is to be per* it. Tbatthg 
ceived in all the jfrcbipelafroj but particular Current ^^^A^'hW** 
Water, y^hich fometimcs go North and fometimcs^^"^^*** 
^th, without fwelling, and without obf^rving zny uneertain. 
certain Rule, 

12. As to what the Tides are in othei: Seas, the Ac-r i»« That tht 
counts which we have are fo very imperfefl:^ ^^^^' '^^^vfry MnZr, 

; cannot at all depend upo/i them. tjm in otbtr 

13. After all thefe Obfervations which have been con- t^^rnof tt§ 
^rmed by the continual Experience of many Ages, I j'^'<jigpar^ 

■■ Ihall not throw away the Time in needlefsly relating and tuutar n* 
confutii^ the different and whimfical Opinions of tlie ^*"^' ^fj^' 

, -jmtient and modern Philofophers, about the Flux and fr^^f^^, 

p Reftix of the Sea ; but I (hall endeavour to deduce this Tab. XIV. 
^otioa diredly from its true Caufc, and to account ^'^i- *• 

\ Vol. II. H ^ for 
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for all the different Obfcrvations. Let us fuppofe theii> 

that in the following Figure, the Oval ABCD repre- 

fents the Vortex, in the Center of which is the Earth 

E F G H. The Circle A L reprefents the Body pf the 

Moon; The Line AC the Place where the Moon is 

at the Time when it is New Or Full ; and the Line BD 

that where the Moon is in its Quadratures. 

i^7batth$ 14. Now, if we imagine the whole fluid Matter, 

^la^oftbc ,pvhich furrounds the EarSi, and reaches from the Sur-? 

Jhicb it fiice of it, further than the Moon, to be divided into ti 

dirc&ly ««- great many Strata, 01? Beds ; we fliall fee that that which 

^ M^J^eA ^ ^^^^^ ^ having but a fmall Circuit to make from Weft 

jU'!^Mi>y to Eaft, will finifh its Revolution almoft in the fameTime 

tbeJlttU . as the Earth ; but the Matter which is in 0^ will take up 

rr^r-O^b 'awff. ^^^^ Time to finifh its Revolution, and the Matter in 

^^^k.* a. ' O will take up ftill riiore. Further, if we go on to 

^ imagine the Matter, which i? <:ontained between the two 

Supeffices ML, DA, by which the Moon is carried 

about tho Earth, to be divided into two Parts ; one of 

which is bejow the Center of the Moon marked I, and 

confequcntly nearer us, the other above its Center 5 wc 

/hall fee, that the Matter which is bfelow, and which cor- 

jefponds to that half of the Moon which looks towards 

us, moves quicker from Well to Eaft, than the Matter 

which is higher ; fo that the Moon being carried along 

by a fluid Matter, fome Parts of which move fwiftef 

than others ; its Cfelerity muft be a Medium betwixt that 

of the highcft and that of the loweft fluid Matter. All 

the Matter therefore which is in the Space O P, which 

is\on this Side the Moon, moves fwifter than the Moon 

itfelf from Weft to Eaft, and comes fooner to the Space 

El, where its Paflage being ftraightned by the Hemif- 

phere of the Moon, it is forced to run fwifter than ia 

any other Place : And becaufe all Bodies, the fwifter 

they move, the greater Impreffion do thiey make upon 

other Bodies agaix^ft which they prefs ; it is evident that 

the whole Matter which moves about the Earth, ought to 

^rcfs hHOffe ujpori it in that Part which is direftly under the 

ftloon, than ip any other Plac^, 

j^,7haiii "15. Moreover, flncfe it is certain that there is nothing 

^«ij^^*i^^^jj to fupport the Earthy but its Place is determined wholly 

*^«rX%r by the equal PreflTure of the Matter which incompafles 

ftfittfoint. it ; therefore we cannot iniagine but that if that Part of 

the Earth which is diiiftly .under the Mdon^ be more 

preffed upon than any other Part, it will caufe the Earth 

to mov^ a little out of its Place, and to go fo far to- 

w ♦ wards 



wards R, which is on the oppofite Part of the Eanh to 
the Moon, till the Place G ^'s as much prefled upon by 
the fluid Matter againft which it moves, as the Place £ . 
1$ by the Air which is forced upon it. 

x6. The Air therefore prefles upon the Places E and »^.' ^»Sx^ 
Gas if it was heavier there than any where clfej ^^^^t^Fiux 
becaufe thefe Places are Within the 't^orrid Zon^ j it fol- and Rijium 
lows, that if there be any laige Sea there, the Prcflure e/" '^^'^ 
of the Air, muft caufe a Motion in the Waters of it, Co!^ttf 
from the Equator towards the Poles. Now the Ocean Fnnc^ 
extends itfelf over the greateft Part of the Earth, and 
reaches from the South almoft as far as the North Pole. 
The Water therefore of the Ocean which is near the , 

Equator, ought to flow from South to Norths and to 
beat upon the Shore ; and becaufe the Waves which go 
firft, are fupported by them that follow, the Sea muft 
fweU in tlwfe Places. , And afterwards, when by the 
Earth's turnir>g, the great Prefliire remains no longer 
Upon the Place Adhere it wlis ; the Waters will fubfide by 
their own weight into the Place which they were forced 
Mt of4 ib that th6 Sea muft then decreafe upon the fame 
Coaftsi 

If. That Part of the Ocean whofe Waters are forcrf ti^iriyit 
upon our Shores, is once every Day direftly under the ^J|J^^ 
Moon, and once oppofite to it ; wherefore the Sea ebbs D^y. 
jmd flows twice every twenty-four Hour^t 

1 8. If the Moon had not the Motion Which it now '^^'Jf^f^.^ 
has from Weft to Eaft, the Flux and. Reflux of the i^"2C?ii/</' 
Sea would happen every Day exaftly at the feme Time, t^erf Dt^ , 
and alfo twice a Day j becaufe the Earth by turning 
about, would bring the fame Place of the Ocean direftly 
under the Moon, every twenty-four Hoursj which 
twelve Hours before, was in the oppofite Side to it: 
but becaufe the Moon advances twelve D^rees and a 
half towards the Eaft every Day, it follows, that when 
the Earth has gone round, it ttiuft go twelve Degrees 
and a half more before the fame Place in its Superficies 
will be under the Moon again. And this is the Reafon / 
why the Flux of the Sea happens fifty Minutes later 
every Day, and that there is five and twenty Minutes 
DiflFerence between the Time of one Flux and that im-» 
mediately fucceeding. t^*tf^j^t^ 

19. It k fiirther evident^ that one sUid the farrte Tide l^^eltb! 
oi^ht to happen later, th^ m3re northern the Coaft is 5 Uttr aitdff 
becaufe, the. Water flowing from South to North, the '•«<*|^^ 
S'lV^lling mul firft bs p^rcjivel in thofe Piags^ which ^hemtbM 

H 3 93fiCtafts 
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are neareft : And, becaufe the Water which runs along 

the Coafts which are about the Torrid Zone, have a 

free PaiTag^ towards the Poles, and are no where hindred 

till they come to the northern Coafts ; hence it is that 

the Flux of the Sea is fo much the greater, the more re^ 

mote any Place is from the Equator. 

sm.Wlytb« ^« Wh<^ the Moon is at the NeW or Full, then its 

tiJisart Place is in the Diameter AC, which is the leaft Diame' 

j^^Ji"^ tcr of the Earth's Vortex j and becaufe the Diameter 

FuUMmM* of the Earth, bears a greater Prq>ortion to the Diameter 

Tab. XIV. AC, than it does to the Diameter BD where the Moon 

''••*• is in the Quadratures; therefore at thofe Times it muft 

oeceflarily cauie the Air which incompalTes the Earth ta 

be confiderably more comprefled than at any other part of 

the Month ; and fo the Waters muft be driven towards 

the Poles with greater Force ; whence it follows, tJiat the 

Tides ought to be bi^er at the New and Full Moons than 

at the Quadratures. 

SI. Why 21. When the Moon is in Conjun£Hon or Oppofition 

'hi^S'fitar ^^ ^^'^ S"°> "^r ^^ Times of the Equinoxes, it is then 
the Efui' in the spinning of the Signs jfries or Libra ; and be- 
***"• caufe the Circle which it defcribes at this Time, corre- 
sponds to the Equino^ial Circle, and coniequently is 
the largeft that it can defcribe about the Earth ; therefore 
it i;nuft prefs upon the Air, and force that more perpen- 
dicularly upon the Earth than at any other Time : And 
jthis Adion or Impreffion upon the Waters muft add fome- 
thing to the EifeA which the Moon generally has at the 
New or Full ; fo that the Waters ought at thofe Times 
to be driven with a greater Force, and in a more than 
ordinary Qi^ntity againft our Coafts, and thereby incrcafe 
the common Ette^ produced by the Moon; that is, 
make greater Tides. 
^jhMttBg 22. If we add to what has been already (aid concern- 
^^uhri^^ ing the Tides, that the Winds may fometimes confpire 
tTe'i^in t^be With and accelerate the Motion of the Water, and at 
^idei. other Times be contrary to and retard it j we ihall have 
an exa<a Explication of all the Particular^ which .Seamen 
haveobferved concerning this Phaenomenon, which hai 
at all Times been efteemed very difficult, 
%^,Wbytb€ 23. But in order to determine fomething of vriiat 
MbOHwbcn ought to be in other Places j we muft confider that the 
'l^rj!vir0i JWidtion of the Waters of the Sea, depends upon this? 
. Minnri and that in a large and vaft Extent of Sea, tliere are fomc 
t^'Cct ^^^^ ^^^^^ are very much prcffed upon by the Moao,j 
ii»i/ j?r>;f, «id others which arc not preffcd upon at ^Ui and this' 
tiiutkm. mates' 



mkes the Waters Iprcad theanrelves to thofe.. Places 
where they are not prefled upon. If therefore there te 
^ Waters which are but of a fmall Exteftt, though th« 
IVfoon predes upon the whple of them, yet becaufe that 
Preffure is every where alike, they can neither rife nor falli '; 
Now the Rivers aud Lakes which are between tJie Tro- 
picks are fuch Sort pf Waters as thefe ; the Extent of 
them is very inconfidei^iW^ ^oiap^red with the Body of 
the Moon which pafles pver them ; and therefore' we dp 
not find any Flux or Reflux in them, 

24. A$ to tbofe Lakes and I^ivers which are beyond 24. Jf^f 
the i fopicks, there is ftiU greater Reafon to believe that/^''*'"^*^* 
they ought npt to have any Tides at all ; neither ought p/^t Z- 
the Seas there to have any, uhlefs (h^j have fomfe Com- Rejinm. 
Anunicjition -with tjie .Oceap, and not then mijefs the 
Paflage bi? veryilfeighp For f he Moon never paffes di- 
re^jr over thefe 'Waters, and therefore they cannot be 
prefled by it : Whejrefgre we are not to think it Grange 
that the D€ad S/(^ In j(/!^^ and the Eaxine Sea, and the ' . 
Bgltick in Eurtpe have no Flux and Reflux. 
. ^ 25. Xb^ Mediterranean Sea, which is beyond tliis'Trb- 1'^. n^ 
pick, has indeed a very free Comnrjunication with t^e O- f^^reuno 
ccan by the Streights of Gibraltar : But becaufe this Pali JlfJ'Jj -^ 
lage k not above three or four Leagues over, it is a very in- the Medi- 
confiderable Quantity of Water only that can enter in terran«ao 
fix Houfs, if we cqnikler the Depth an4 Fxte^t ^f, ph^s 
Sea. Further -, no fooner do thefe WatetB advancei^ bi^ 
they meet with a wider Sea. xh€ Coafts of whidi. '^r^ 'fo 
difpofed^ as to make the Water glide aloQg hy the^ai^ 
only :, So that we obferve only a fimple Motion m Cue- 
rent of Water in the Mediterranean, without anjr.fen- 
fible Swelling* 

26. However, the Waters l^rfiich enter intp the Gulph 26. fp^ 
of Vifuce, after having glided along the,Coaft, ou^ht ^t ^' ^^^'^ 
laft to come to the Bottom of tbe Gulph, . where hy fal- ^^/, ^" 
ling upon and fupporting each other fi5r fomc Tiijie, they Venice* 
muft increafe in the fame Maaner as tJ)e Ocea^i ^'^^h. ^^'^ 

ly they cannot rife to fo great a Height. 

27. As to the j^chifela^o ; That is at fuch a EHftance i^. thdt 
from the Streights, of GikraUar^ and is withal fo inter- ibenou^bt 
Tuptcd by the Iflands which divide the Water, that kf f */';> 
cannot receive any Quantity of Water fumcient tb ttiake the Heater im 
it fwell ; for which Reafbn, we ought not to perceive any f^e Archi- 
Flux or Reflnx there, as we do in the Gulph of" f^eftia j ^^*^' 
and tlu9 k confirmed by Marinex» who frequent tbl$ Sea^ 

H4 ft«. tt 
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»«• 'Tbt 28. It is very true, th^t there are Cutrcrits of Water 
^ul'tm.}^ fccn ih this Sea * Which moves fometimes South and 
tlHWattrt fometimes North, without obfcrving any Rule: But 
intbtht^ there is Rcafon to fhink that the Caufeof the Motion 
t^f^^ni^ of thefe Waters towards the South is this ; that the 
Etixine Sea, which is but of a fmaB Extent, is^contf* 
nually receiving the Waters of a great many larg^ Rivers, 
whicn it difclwrges itfelf of by the Archipelago into th6 
Mediterranean : And that which caufes the Motion of 
them towards the North, k the Sodth Wind, which 
blows fo very ftrong fometimes, sis to drive the Water 
back, and to fupport it, till the Quantity of it is become 
lb great, that its own Weight forces it to go in its ufual 
Courfe. 
*9- yj*^^ 29. There may be fome othei' Particulars obfcrved 
pJrttcuUrt concerning the Flux and Reflux of the Sea, befides thofe 
remaidif^t already mentioned -, but whatever they be'^ the Reaibn 
MM^rv^M^ of them will be found to be comprehended in What hs 
is wbtt bdt been before faid : For when ( i) the principal Difficulty is^ 
ktm §Utad;p oncegot over ; the fame Foundation upon which that has 
i^^ been cleared, will of Neceffity give Satisfadion in all o* 

ther Circumftances which depend upon particular QoiA^. 
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(I) Tbt principal Dipcalty ii&nii 
\gU wer^ &e.) The univerikl Gra- 
i^utioo of Matter bdng allowed ; 
io that the Earth gravitates towards , 
the MooA, and the Moon towardt 
-the Earthy and all the Parts of them 
tQvrar^s each other \ the Phxnome- 
na of the 6bMtfg and flowing of the 
Sea is very clearly explained by the 
learned Dr. HsJIy, ft<im the Prin- 
ciples of the famous Sir ffaac New- 
ton ; the pfindpal Kleads of wfaoie 
DiiTerUti^Ui upon this Snbjeft, I 
ihall here briefly eKplain* 

Fird then, fince the Supeificies of 
^the Earth and Sea is round of it feify 
if the Moon A be 
Tab. XiV. perpendicularly over 
yjg. 2* any Part of the Su- 

perficies of the Sea, as 
£ ; it is evident that the Water in 
. X, which Is nearer the Moon^ than 
any other Part of the Earth and Sea 
In the Hemifphere FPH, ought to 
gravitate more towards the Moon 
than any of thofe other Parts ; fo 
that that Water mufl by this Means 
be lifted op towards the Moon, that 
h, h« lighter than ufuai and fwcll in 



t* So like^feon theother Hajid } 
becaufe the Water in G, is further 
ofi from the Moon, than any of 
the other Patts of the Sea and Land 
in the Hemifphere FGH i it mufl. 
graviute towards the Moon iefs than 
any of them, tha^ is, it oaght to be 
lifted op the conttary \ Way, aini^ (0 
fwell in G. By this Means t^ Sit* 
perfides of the Ocean mufl necefls- 
rily gather itfelf into ah oval Figure^ 
whofe longer Diameter is EG^ ttA 
the ibortrr Diameter FH* And 
fince it is further manifeft, that the 
Swellings of this oval Figare ou|&t 
to ahet eveiy Day, according to tike 
Moos*t Motion^ it is evident tlttt 
the diurnal Fluxes and Refluxes of 
the Sea may be moft dearly ex- 
plained in this Manner. 

StcMdlyy Becaufe at the ConjooA'- 
ons and Oppofitionsof the Sun and 
Moon, the Gravitation of the Water 
towards the Son confpirea with iti 
Gravitation towards the Mooo^butia 
the Quadratures, the Water which is 
lifted up by the MooH) is deprefti 
by the Sun, and that which is lifted 
up by the Sudj is deprcfled by the 

Mcoas I 
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Having now pvcn a Dcfcription of the World in 
general, and fpoken to two or three of the principal 
Effefe which depend upon the Compofitiou of It,- I 
come now to thofe Parts which are nearer us, and to 
treat of terreftrial Things, particularly of the Earth itfclfj 
and what is produced upon it. 



221 



Mooo : Therefore the gretteft 
Tides are thofe which are made in 
the CoDJuadliona and OppoStionSy 
and thofe at th^ Qgadiatoret are the 
leaft. Bat the Force which the Sua 
\u to move the Sea^ ii much lefs 
<haDtheM(Min*a Force) bccaoie tho* 
it be ten thoufsad Timet bigger than 
tbe Earth and Moon together, yet by 
leifoo of ita immenfe Diftance^ the 
Earth*s Semidiametcr bears no P.o* 
pntioa to it. 

Ihirdfy, Becaijfe about the Time 
of the Equinoxes, the freateft Tides 
(vt% thoic which, are made at the 
CoBJondion and Oppofition of Sun 
>ad Moon,) arecaufed by the Sun and 
Moon when they are both in theEqtii- 
Bodial i but thoic at the Time of the 
Solftices are made by the Sun and 
Mflon when they are in theTropicki; 
therefore thpfiegreateftTi<ef are big* 
tgtf at the Equinoxes and left at the 
Solftices; Becaufe the larger the 
Circle if in which the Waters revolve, 
the greater muft- the Agiuticn of 
tbem be; and if the Moon ftood fiill 
a the Pole, theTideiorthe Swell- 
iog of the Waters would coodnoe 
immoveable about the Poles. 

f(mrtblj, Becaufe thefe Tides are 
> little altered by the Libration of the 
Watfti, which are apt, to retain the 
Motion impreflTed upon them« there- 
fore the greateft Tides o* all, do 
ttot happen exa^ly at the Conjunc 
tion and Oppofition of the Sun and 
Mood, but geneially about threeTidet 
liter. 

f^fibly^ Becaufe the Sun is a little 
y«Kr the Earth in the Winter than 
>J the Summer, therefore the greateft 
£^«ioo^tal Tides, are obfcnrei to be 



thofe which happen a llcde befnft 
the vernal Equinox and a little aftec 
the Autumnal ^uioox. 

Sixthly, Beadfe in ettry diuroal 
Iterolutionof the Mooti, the greateft 
of the two Tides, ought to ht that 
in which the Mooo apfroacfaes neat- 
eft to the Zimtb or iiadir : There-^ 
ibrc in our Climates, when the Moon 
is in the Northern Signs, that diurnal 
Tide which is made when th« 
Moon it ahore .the Horicoo, is a 
little bigger than the other ; and 
when the Moon is in Southern Signs, 
the Tide which hapftens wheli.the 
Moon is below the Horifoo, is the 
higgeft. 

All other Pbsenomef^ of the* 
Tides, which according to the dif^ 
ferent Latitudes of the Pbcet, the 
Shallows, Bays, Strdghts of the Seas, 
and (fif&rcnt Tides beaten back from 
the Shores and meeting together 
are infinitely various ; may be very 
eafiiy explained by this Theory, if 
we nave a true Notion of it fn our 
Minds. See tbe FbiUJopbUal TrAnf-* 
aSfiMt, N*. 226* 

This is the Opinion of the fanloua 
Sir Jfaac Newton concerning thfl 
Tides,whtch Kepter, by a furprifinglf 
probable Conje^ure, had fome No- 
tion of, before it was dearly foafid 
out. Jf, ftys he, tbt Eartb jbtmld 
ceafe to attraS iti own IVatett f# 
it : j4JI tbe Water in tbe SeM 
would ^ht lifted up and run into 
tbe Moon : J be Sphere of attraSi^t 
. Vertut wbicb ft in tbe Moen, reachei 
as far as tbe Eartb^ and draws up 
tbe Heaters under tbe 'Torrid Zone, 
&c. See his lotrodu^oa to the 
Theory cf Mart* 
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CHAP. I. 

Of the EARTH. 

I'Jtl!^ S e H E Univcrfe containsan infinite Num- 

lyhdum. a JE ber of different Things, whofe Di- 

j»Fn -«-/ 1 P fiance is fo great as not to affi>rd lu 

ff/i./ * '"' fl i ^ '^''^ ^^ diftina Knowledge, but 

7iu[i I 5 °"'y ^fi impcrfeft and confufed No- 

nhiciart ■ j| tion of them, whereby they appear 

™i<l*" f . . o"'y as luminous or tranfparent. 
I&.I -„ « Wherefore we generally think that we have a fufficient 

^'^■M": Knowledge 
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Knoveledge of tbefe Things^ if we can find out what ' 
That is in tf^m which is the Original or Caufeof tbefe 
two .Qualities which we obferve to belong to them. 
JSut it is not fo with refped to the Earth, and the 
Bodies which are containeid in it, or which arc very 
near to it : For thefe being within the Reach of all ouf 
Senfes, we can examine them a great many different 
Ways, and thereby obferve a great many Properties;,, 
each of which delerves to be particularly confidered. 
And to eftabliih this Knowledge, is the iJdign of thig 
third Part of our Txeatife of Natural Philofophy. 

2. Daily Experience, and a thoufand Obfervations *• ^^"*'^' 
made by the Induftry of Men in paft Ages, and which SluV*/- 
yit ourfelves have confirmed ; do fufficiently convince ten, 
us, that there is no pajt of the Earth, be it never fo 
gieat or fmall, but that in Time it undergoes fome Al*- 
teration, either from the Action of Water or Air, or 
of the fubtle Matter which enters into its Pores ; even 
Diamonds, which are the leaft liable to Alteration of 
uiy Bodies that we know, wear away and diminifh in 
kngth of Time, not only by rubbing againft each other^ 
but by mere handling them with our Hands, or rubbing 
them againft our Clothes, For after we have carried 
them a long Time about us, they do not look fo well 
polilhed, and the angular Points of them grow blunt ; 
which is a certain Sign that they have loft fome erf 
their Parts : The Earth therefore, which has fo long 
withftood the Force of the fubtle Matter of its Vor- 
tex, muft long fince have been entirely worn out and 
deftroyed, or at leaft, very much changed to the worfe 
^m what it once was, unlefs it had been continually 
fupplicd and repaired from fomewhere elfe. But fince 
we are fure that it does fubfift flill, and that it docs 
not appear at all different to us from what the Anti- 
^ts defcribe it, this is a fufEcient ^ Proof that it is re- 
paired as faft as it waftes. And fiecaufe this Repara- 
tion, as well as what it lofes, depends upon the Afti- 
Pn of thofe Things which encompafs the Earth, if there 
^ any Ground to hope for a thorough underftanding 
of the Nature of the Earth, 'it muft be principally from ' 

^ur Reafoning about what muft be the EfFe£ls of the 
Aftion of the Matter of the Vortex, in whofe Center 
Jt IS, upon it. 3. Tbt.tth9 

. 3» Now if we confide*-, that this Vortex, in turn- ^^^^ " 
"^g round, muft force the moft folid and moft agitated J^'^ ^Partlof 
farts, from the Center, it is reafonable to conclude, the third 

that '^'""'"'•J 
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that thofe which remain about the-Center, muft be Ids 
folid and le<s agitated ; and that therefore the Earth is 
compofed of Parts of the third Element, which, be- 
caufe they are very grofs, and of no great Solidity, and 
of fuch Figures as make them apt to entangle each 
other, are more difficult to be moved than the others : 
And there is no other Difference betwixt thefe terref- 
trial Parts, and thofe which we before faid the Spots 
of the Sun were compofed of, but this, that the Parts 
of the Earth are more ftrongly and clofely united to- 
gether, and by that Means form a Denfer and inom 
compaABody. 
% ^^/^ ^ ^^ becaufe .the Parts of the third Element are of 
jsl^rhcwJ ^^^ insular Figures, and can therefore be ranged only 
toivfi in a very odd Manner ; from hence arifes all the Ine- 
difirent. qualities which we obfcrve in the Earth : And this is 
the Reafon why there are Mountains in fome Places 
and Deeps in others ; . that fometimes we meet with a 
great Number of its Parts fucceeding one another with- 
out Interruption, and forming one continued Body, 
and at other Times, we fee VsJleys and large Caverns ; 
Laftly^ hence it is, that fome of its Parts are very hard, 
/ and others very foft. 
^J^-^i/^* 5, However, it is to be obferved, that rtotwithftand- 
rwnd. ing all thefe Inequalities, it is impoilible but that the 
Earth muft be round, or very nearly fo ; becaufe if at 
the Beginning, there had been any Part confideiably 
higher (compared with the whole Mafs) than all the 
reft, the liquid Matter which furrounded it, to whofc 
Force it lay more expofed than any other Parts, could 
. not but beat with more Violence againft, and by degrees 
undermine it, till it became very near upon the fame 
Level with the reft. 
5. Wbattb9 6. If then the Earth be fuch as we have now defcrib*- 

lyrpVJ' ^ ^^ ^^ ^B^t ^^ ^ ^^^ ^^ ^^ 5 becaufe the Hard- 
P^ht iu nefs and Drynefs of any Body are Qualities which are 
the Refult of its Parts being at reft ; It muft alfo be 
cold, becaufe there is not Motion enough in its Parts^ 
to excite Heat : And it muft alfo be heavy, becaufe its 
Parts, having lefs Force than the other Matter to g^ 
off from tiie Center of the Vortex in which the Earth 
is, muft needs be impelled that Way. If wc add to 
this ; that the Reafon why it is opake, is becaufe of 
the frequent Interruption and Winding of its Pores, 
which do not correfpond with each other, we may af- 
fure ourfelves, that this ihort Defcriptlon contains a 

2 full 
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full Explication of the principal and moft obvious Proper-; 
ties of the Earth* So that I may be excufed adding any 
Thing farther upon this Head) except a little more par- 
ticular Confideration of its Pores ; which ieems to me 
neceffary in order to the more diftinA Kftowfedge of it, 

7. It is true indeed, that it is impoffible to defcribe Jj^Jj^^ 
them all, becaufe of the prodigious diflferent Sorts thzt tbrw Sortt 
there are in this large Mafs, and efpccially, in that Parr?^^«»'< 
of it which we call the exterior Earth, the Particles of'** "^* 
which are of very irr^ular Figures : However, if we 

cam content ourfelves with the O)nfidcration of the Na- 
tore of the Pores of the interior Earth, (which muft needs 
be very ftreight, becaufe the Parts of the third Element 
«t veJry j^iuch compreffed there, by the Weight of all 
die Parts which they fuftain ; ) they may eafily be reduced 
to thcfe three Sorts. Firft, fuch as will tend and turn 
all Ways, . and go along like Waves ; Secondly, fuch as 
are mk&iyjfreight ; and Thirdly^ fuch as cmmunicaU 
with each other, and are twijfed together, which xefem* 
He the Branches of Trees. 

8. Befides thefe three Sorts of Pores, there Is yet a g. 7^^ 
fourth, which requires particular Attention in order to tbtrt u 

a dear Underftanding of them, becaufe of the Confe- jJJj'J^^!* 
quences Which we fhall afterwards draw from it. J^ni j^^f^> 
here it is neceflary in the firft Place to recoiled what «»«»-<'» »*• 
was formerly faid concerning that fubtle Matter, which ^^^^ ^ 
hy entering into the Earth's Vortex iit thofe Places /ifrr fo^ ^ 
which are near its Poles, and fo getting from thence • Scnw. 
the Earth itfelf, caufes the Earth always to keep its Axis 
parallel to itfelf, during its annual Motion about the 
Sun. After this, we muft obferve, that though the vio- 
lent Agitation of the Parts of the Matter of the firft 
Element, do generally hinder them from being of any 
certain Figure j yet the greateft Part of thofe which en- 
ter into any Vortex, acquire fome particular Figure 
which they remain in for a long Time. Forlnftancej 
hecaufe the Matter which enters into the Earth's Vor- 
tex, moves very nearly in a ftreight Line from one of 
its Pol^ to the Center, therefore a great many of its 
Parts ire at reft with r^rd to each others which 
makes them ftick together, and as I may fay, congeal) 
and become of th6 fame Figure as the Space is through 
which they pafe ; in the fame manner as melted Wax 
^ws hard, and takes the Figure of the Mould into 
yliich it is caft* No\^ becaufe the Matter of the firft 

Element, 
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Element, takes, its Figure by paffing through the Tri- 
angular Space which muft neceflanly be left between 
three Globules of the fecond Element, therefore the Fi-* 
gure fo acquired will be that of a long flender Body, aH 
along which tfaei^ will be three Channels, and thofe very 
dire^ if all 'the Globules of the fecond Elenient were 
ranged in iiich order, that the triangular Intervals be^ 
twixt them, agreed exsu^y with each other ; But becaufe 
this cannot be: If on the contrary, we imagine a givat 
many Ranks <^ thofe Globules to furround the Es^h ; 
the Interval between throe Globules of the uppermofl; 
Rank, muft neceilkrily be dire£lly a^inft fome Globule 
of an inferior Rank. Confequently the Matter of the 
£rft Element^ muft defcend towards the Center of the 
Vortex, by winding continually round, and vnH therefore; 
acquire a Figure pretty much like that of a Screw with, 
three ( i) Channels in it. 
m>Thattbi ' 9^T A^<I becaufe the Particles of the fecond Element 
chgmuiof which ar^ at.a certain Diftance from the Earth, turn ^ 

^/VA X ^^^^^ ^%?' *^"^ ^^ ^^ ^^^ ^^ ^^^ which are in 
?« Jl !»-' the upper part of th^ Vortex *, thi§ caufes tjie Matter 
vardftU of the'ilirftl Element to turn one particular Way, as 
'^7'rtJd'^* it defqcnd^ about the Axis of the Vortex ; whence it 
'dji^tfry iseafy to condude, that the Parts of the ]V|att^r of the^ 
wafi9tbai firft' Element, wjilch defcend towards one of the Poles 
Tj^^ of the Eafth, acquire the Form of a great many fiml- 
\^rd*tke lar Screws, all of them wreathed the fame Way ; and 
tffofiHeaiu that thofe which defcend towards the oppofite Pole, be- 
come of the Shape of the other Screws wreathed the con- 
trary Way. 
TO. Of m K>, Thefe things being fuppofed ; though we are cer- 
fwrtb Sort tain that there are a great many Pores in the Earth which 
ft^t7witb *^ ^^^^ "P ^ Time with the Parts of the third Element 
, htbeEartb. which fwim amongft thofe of the.firft an4 fecond Ele^ 
ment, and whofe Motion is eafily ftopped when tliey 
meet with any Obftacle, becaufe they are of fuch Fi-; 
gures as are eafy to be entangled j yet we are not to 
underftand this to be fo in thofe Pores juft now dc- 
fcribed, through which the Matter fhaped like a Screw 
pafles, becaufe this Matter keeps its Paflage through 
thefe Pores always open. All the Conjefture that w^ 
can make about tliefe Pores is only this, that they conr 
tra<^ themfelvcs fo as to leave only jujQ; as niuch Space 

^) SttVitrkvi'ufi Bcok III. Chap. 3.. 
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s is neeeflknr fbr the m^re PaiTage of the chaitinelle^ 
Particles. Whence it Mtov^^ that fhefe Pores (which 
are the fourth Sort tifat Wd are to examiiMi} af« fi> many 
Receptacles parallel to each other, and that thofe of them 
which receivjl^ the chanit^ll&l Matter wMcli co«ie6 fiom 
the Arftick Pole, ai^ ttirned the contrary Way to thofe 
through which the channelled Matter which defeends^ 
from the Antar£Hck Pole, paflfts. 




CHAP. II. 

Cf the A I R. 

WE generdly give the Name of ^r to all that K- »««^^w 
quid and tranfparent Matter in which we Kve,^*"^^.^ 
and which fpreads itfelf all round the w;hoIe Globe 
compofed of Earth and Water. Now Air, taken in 
this Senfe, is indeed a very ftrange and wonderfid Cotn^- 
pofitio^, not only becaufe'of the Matter of the firft and 
fccond Element, a great Quantity of which is to be 
found in it, but alfo becaufe of the different Bodies 
which are continually raifed and exhaled oat of the 
Earth. Wherefore, before we can throughly under- 
ftand the Nature of the Air, we muft know the Na- 
ture of all thefe Bodies. But becaufe we fhall treat o£ 
them afterwards, that we may proceed in a propejf Me- 
thod, we will now confider by kielf, what Air pro- 
perly 19, without the Mixture of any other Bo£e» with 
it, ^that is to fay, what pure fimpte Air iis, which the 
Coounentators upon Arijiotle have given the Name of 
Element to. 

2. In order hereunto, we need only imagine the Air ». Oftht 
to be a large Heap confifting of an infinite Number ^iP^^^i^^^r 
the fmall' Parts of the third Element, which are like^Jf^^ 
Branches, of very irregular Figures, pretty much like 
' thofe which we before iaid that the Earth wa? compofed 
<rf, only finaller and looferj which make them ii) con- 
tinual Agitation fb Ipng as they are fwimming amongft 
the Particles oif the Jidl and 4cond Element* Where- 
fore though it fhould feem by their Figures, that they are 
very apt to lay hold of and entangle each other, yet 
fh^ cannot really do io, becaufe they are fo very fine^ 
93 to give way to the Icaft Impreffion made upon them 

- ' " . ' ^ by ' 
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by the Matter of the firft apd fiscond Element, whicli 
eafily bends them that Way which will difunite them ; 
and bec^ufe their Branches axe fo very fm^ and Ihort 
that they cannot be tie4 up in Knots. 
^tbi 3, Xhe Air therefore muft always be liquid, and can 
" • ^^/^tie ^^^^ ^ hardened, as we fee Water is when it is frozea 5 
^'^ ^ fo likewife, it ought to be light, becaufe there is but a 
f mall Quantity of the proper Matter of it in a large Q?m* 
pals i it ought alfo to be tranfparent, becaufe, it being 
in continual Agitation itfelf, it cannot ilacken the .Mo- 
don which luminous Bodies imprefs upon the Parts of 
the fecond Elemei^t in which it fwims, and by Means of 
which it tranfmits the Light, and raifes the Senfation of it, 
LafUy, it ihuft alfo be very much condenfed, not only 
when the Heat or .Agitation of its Parts being confider- 
ably leflened, they are unable to dsSh againft each 
ether, or drive one another with fo grea!t Violence as 
ufual ; but alfo when they are contaLned between .the 
Parts of. other Bodies which comprefs them more than 
ordinary. On the other Hand, (i) it muft be dilated, 
yrhen the Caufes of its Confinement are taken away ; 
by heating it, if it was before condenfed by Cold^ ox 
by opening the Prifon in which it is contained, if its 

i>reilure omy was the Caufe of its being r^duc^d to ^ 
efs Compafs. 



(I) Tt mufi h§ diUtidf te.j Hftp 
freat the Comfrtjfion or Dilatation it, 
Siyt the famous Dr« fFaUit, vtbick 
ibe jftM ii ta^b^ o/^ it tioi tap H 
Ull\ it is certainh vny great, ti^rt 
iban aty Me, nbo bat ni try'dyWouU 
tbiab, at afpe4n kf S*Pvimtntt» 

MetUnnxu fomai^ ago, affirm^ 
tbat by tbe beh of anMolipiU, af. 
ffying a very great Heat Us thueb at 
tbat Sort of Vegelvtouli hear witb^ 
wt mehittg) be 4iiatedtbe Air fo 
pittcb as to take abjve feventy times 
tbe Space mtbicb it did before* - 

Aad our Honeurable Mr^ B'^y'e, 
wtbout tbe dMatice of Heat ^ fund 
tbat tbe Air, ky in elaftick Force 
$nly, MMpanded itfelf into a Spack, 
frfi mn4 timet greater than before* 
tben thirty 'one timet ; after tbat, 
fixty timet 5 and laft of all, a bun-^ 
dred aitdfifiy times, vfbicb it more 
ihaa doiile Merfenous*' Bapanjion, 
Afler all tbis, be promoted tbat J^ie'. 
fan/ion by otber 'meant to above eigbt 
^b.ufa d timtt, {fy iU elafiitk KofC^ 



^oitboiit applying any Heat) at tubicb 
Experimtnt ({ays the famous Dr. 
WalUt) I vHtt prefent, Tben by tbe 
making aft of anotber. Bxptrtmen^ 
fill it came to above ten tbpufand 
timet, nay to take np tbirteen tboufand 
fiti buttdred and ftmnty nine timet 'at 
mu^b Space as atfrfi. See WaUi£% 
Hydroftat. F^rop 13. 

rlow this Dictation was made In 
Air without iu ^of ani£iciaU]r 
cpmpreflTcd, fothat it appears, that 
^he Air whicn we breathe here upon 
the Sttperfidci of the B«rth, i«, by its 
own Vjf eight o^'y^ coipprdSed u^to 
the thitteen thoufaod. fix hundred 
and fi&Venty ninth psitof the Space 
which it Wbttid taUe up in a Vacu- 
um, fittt if it he comprcifeil IMU 
more by Art»it will sppear (as the fi^- 
m'out Mr.i?0y/«"experienced) thtttlSe 
Space which Air takes up, when it is 
jnoft of aU dilated^ is to the Space 
w))ich the fame Air poflefles» when 
it *s moft of aH'compieflTed, as'jfvr 
bundftd tmdfty tbeafuwd to 0w. 

4. It 



4. It is not bcfidn the Piirpo& to obfeirc here, ihsiti'^^'f 
the Diktai€i«n oF Air, which is made in thi$ manner, by ^^^^f^ 
tcmovkig tte* Obifaidbs bj ivhidi it is comprefled, x>//0/«iMy« 
b(tt[ht t9 be verjr quick^ becaufe its Particles which h^ 
m wei« forcibly bent and fo mcived, endeavour all to- 
fedMr to make tbeil^ves ftteight^ and to expand tfaem* 
mc^ as much as they can, and that with a Vdodty 
fequal to thofe o£ tbe Second Element, by which they are 
ij^tatedi And upon this Property of the Air is founded 
the Lnrention of Ittde portable Fountains, which throw 
Up the Water to a great Height ; and of Guns which 
mig chaigfd with Air only, will fend forth a leaden 
Bullet with an incredible Swiftneis. * 

5» The artificial Fountains are made in this Manner* «. a Dt^ 
ABCD is a Veffd of very hard Metal that will not bend, -J;^'^/^^J5^ 
rf any F%ure you {deafe ; there is no Hole left in it fountain! 
but at AD, which is ib to be ftopped by the Tube £F T«b xiv* 
beli^foldenadto the Vefibl, that nothing can enter into ^'S' 3* 
the Cavit|r HL; but through the Tube BF : the Bottom 
of this Veflel is purpoiely to be contrived with a little 
^efcending Cavity in fuch a manner, that tho' there be 
no Hole made in it, nor the Tube £F touch it ; yet the 
Extremity F may go a little lower than that ikme Bot* 
torn. Laftly, there is a little-Cock at D, by which the 
Tube is cqpened and fhut. 

l^hicS vafl ContrM3io» and Ex- 
h^finfitrnt uninfUigibh, ^yfiign* 
I «^ fb* PartUles of /iir to ^ffrin^ 
*^ nmouf, fr rglled up like Hoops, 
^h^^yofbtr muans than a Mpttlfi?c 
Jcwer. Newt. Opdc pag. 371. 
"<w this reptiJSvf Force is much 
^»X«i iQ Air, than in any other Bo- 
wes, b:caiije it is with gneat Diffi. 
21^ generated, and that from very 
wed Bodttt, ai»i ictm fnsn Aich 
ththoQt Fermcnution, thofe Parti* 
w« receding from ou another ; wtb 
^ great^ Force, and being m^ 
^fctltfy brmeibt tether, wbifb 
^Contea cobero mofiftrongfy. ifeod. 
H }72* (See affi tbe Notes on 
™ I. Chap, xzvii* Art. 15. coi- 
^Aiog the For«e with which the 
J^rtidet of Light are emitted.) Now 
y^t there is fuch a repulfi'Ue Force in 
"°^ appears from hence, that Fiiei 
^yintb$0^0ter without wetting 
JW'-i^f } and that the Objea Glaffeg 
7 ^ TeUfcopes tie upon one another 
^beiujQuchmg^ agd ihafdr;^Fom* 



der$ are diBcuUiy made to touch one 
another^ fias to pick together, unhft 
by melting them^or watiug them with 
fTatefp which by being exhaled may 
bring them together, and that two po* 
li fifed Marbfet, which by immediate 
ContaSl ftiek together, art difficultly 
brought fo eUfe together at to flick, ibid. 

As to the efficient Caafe of ttua 
repuifltre Force , See what is 6 id 
cpQcerniog the Gaufe of JittraBion,- 
in the Notes on Part I. (ihap. xi« 
Art. 15. 

LaJNy, It is an Experiment of 
the iaa^m Mr* Boyle' a Very well 
worth obferving, that At enclolcd 
feveral Yeart in a Glafs VelTel, loft 
nothiag of its elaftkk Fotce (which 
ht cooid peifceive) thoagh all other 
Bodies, when forcibly detained in 
an andne Pofition, iofe thefr St'fT- 
iiefs by Degiees, and become weak* 
Whether Air can be gf neraccd fi«.ii 
fome Bodies and converted in^o o* 
thcrs I Stt tbf Nttet on thefoUowiog 
Chgp^ 

I 6. Now 
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6. fbt Ufi 6. Now as to the Ufe of this Fountain, and theMannej 
Zin!*'^"'^' of fetting it to woA : Tfce Tube EF is to be opened, 
and a Syringe fitted to the Moi^th £, by whiqb; as much 
new Air as we can, is to be forced into the Oivity HL, 
to ccndoife the Air which wa& there before, and tken 
the Hole £ is to be ftopped.^ After this, another Syringfl 
filled with Water, is to be fitted to the fame Hole, and 
to be thruft into the Cavity a little deeper, that the 
Air which was put into the Veflel do not force it out a- 
gain, when the Cock is opened ; then the Cock is to-be 
opened, and all the Water in the Syringe to be foiced 
into the VeflTd ; then, having turned the Cock, the Sy- 
ringe mufl be filled with Water again^ and fbnxd mt» 
the VeiTel as before, and fo on, as often as k can be. 
The Engine being thus prepared ; as fbon as ever th^ 
Cock is unturned, the Air within by endeavouring to 
dilate it fisif, prefles upon the Water which is at the 
Bottom of the Veflel, and forces it throi^h theTube EF 
with great Violbiec ; fo tint it b very pleafiuit to fee it 
rife up into the Air, and play like a Fountain. 
f. A De- y^ We {hall now give you the Figure and Defcription 
^w^nr.Gul ©f a Wind-Gun. AA is a Tube of Metal well foldc- 
Tab XIV. red t(^ether ; open at oneEnd I, and flopped at the other 
^<* ♦• End ; the hoUow of this Tube anfwers to what "9^ 
commonly call the Barrel of a Gun. BB is another Tube 
of Metal, within which the Tube AA is fo placed, that 
Air may Be included in the intermediate Space CC# G 
is a Hole flopped with a Valve which will open inwards,, 
that is, will permit the Air to pafs forward from L to 
C, but not to go back from C to L. The Tube AA 
alfo two other Holes £ and D, at that End which refe 
bles the Breech of a common Gun : Through the Hoi 
£, the Air contained in the Space CC could pafs int 
the Barrel of the Gun, but that it is hindred by a Valv< 
which can open only outwards, and is prcfTed fo mucf 
the harder againfl the Hole which it flops, by the Air con^ 
tained in the Space CC, as that Air endeavours to 
into the Barrel with more Violence. By the other HoH 
D there is a Communication betwixt the external Aij 
and ail that in the whole Engine. And that the Ai 
which is contained in the Cavity CC may be hindred froJ 
getting out there, there is a fliort Tube placed beti 
D and E, the Extremities of which are foldered to 
Holes of the Tubes AA and BB. Laftly, HH repiefcn( 
the Body of a Syringe, by which ^ much Air as can bj 
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is Clouded iiito the Space CC r Wbkh being dooe^ uffi 
aleaden BuUet thnift into the Tube AA a^&r a^ Q, the ' 
Gun is chaiged. And in onjer to difcbarge it, we,nqed, 
only put into the Hole D a fmalf round Stick,^ 4i^?4.t9 
it as exadlly as \poffible, with which.pu&ing away the. 
Valve at the Hole £^ a$ foqn as that HoU is open, thi^ J)li^ . 
co&tained in the Cavity CC, will dilate it ielf,andfuming| 
into the Gun, . will driire out the Bullet without m^ng, 
muchNoife. .......J 

8. The very little Noife which thefe Gum malcp.iiifS. o/wM 
Spiog off, has given Occafion, I believe, for the Fiaion^^*»^« 

of that white Powder, which goes off without making 
any Rbflc ; a Secret which the firft Invcntere of thele 
Quns, who would, have them pafs for common Guhs, 
very much boafted of* Bat it ^ is. evident, t^it tlys 
IWder is only a meie Story j becattfe whatfoeveHs-aWe 
to drive a Bullet Out of a Guil with the fame Velocity 
tiiat Gun-Powder does, muft.likewife ftrike the Air witn 
^ fame Force, and confequentty muce as much Noife. 
But though thefe Wind-Guns fend forth a leaden Bullet 
^ith a furprizing Swiftnefe, yet it fells very much fliort 
rf the Swiftneis caufed by Gun-Powder in a common 
Gun ; and therefore it is iio wolifler that they makd le6 
Noife wien they go off, i . ' • 

9. To what has bccii iaid cdftccming the Natune 0(9-^,^^^^^ 
At Air i we may./add fitrtfaer, that the Air being liquid, ^/^^'^^^^ 
it diight to gather it felf about the Earth in fuch a man- Pfacet 
ner, that the external Superficies of it may be fphwcal; Zt'r^b!* 
But becaufe it is more condenfed by the Cold near ;thB PoUfy than 
Poles, than it is in other Pkces, it follows, that there '«'^/'^^«^ 
muft be i larger Quantity of it ia.thofe Places, and .con- J" ~^ ^^ 
fequcntly it muft be of a greater Weight than in the Pla- ^* 

ces near the Equator : And this appears to be. indeed fo 
ly Experiments ; for the Mercury rifes higher, in the 
Barometers formerly defcribed, in Sweden aiid Denmafii 
than in France and Itafy, . ■ , 

10. Now if we would aibcnd up beyond that grofi to. fFbat 
Air, whofe Parts we have bten now defcribing, in order ^I^^i'J^ 

' to find out what is there ; it feems to me eafy to gucfs^ iovZbi4ir» 

^kafc there is nothing elfe there but Matter, of the firft 

'•od iecond Element. For if any other Matter werp 

bi^aced there, it could ndt continue there long, but would 

•■frcfently be driven towards the Center of the Vortex, her 

, ttufe it cannot be in fo great Agitation, nor have, fo 

I fiiuch Force to go off from that Center, as the fubtle 

Matter has ; fo U»t it can be only this Matter which is 

i Vox. IL I % above 
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' aiMt"^ A&. i^ to theNmie ^ich this Matter ihiLf 
b^ calfei by% I agree to that of /Ether ^ whfdi is that hf 
vHifch jfi-ijfoth called it; But- as to the Word /?rf, I cadi 
bV ik> meaiis agtct, that it ibould be called fo ; becauie 
thisWord is tzfed to 6gpify ft Kdt atnd luminous Subfbuice ; 
ahdi b]p' fo caUing it, vft fbckxid giw eccafion to many to 
tbtok, that thine is a Fire above the Air, like that which 
viidTitis; tis and fhowa ik Xight hm bdow ; but this is 
coptr^ to Experience, not only becaufe it fliows us na 

' Z!rt|fit in thel^ight, but alfo becaufe it is fo far from cau- 
fStg-any Heat, that on the contrary^ the h%her we go 
93i6rem Superficies of the Earth, tne coldtf we find it. 




CHAP. III. 
Of fF Jr E R. 

s» O/thi % ^ ^^^^ ^^ a. more diftind Knowledge of the Nature 

jfaturt of ^ of terreftrial Things, let us confider the Earth again. 

^*ttt* ^^ jjgj;^ it is to be obfervcd, that the Earth being (as 
we (aid before) porous, antd there being a Pieaum in 
Nature, its Pores muft^neoeffiurily be filled with the Mat* 
ter of the fixft Element. But becaufe thefe Pores are long 
and very ftreight, their Length and extreme Smallnefi 
will not permit the different Parts-of this Matter to move 
otherwife dian along them only : This makes them to be 
as it were at refl with refpefl to each other, and to ftick 
together, and form very fmall Bodies of the fame Shape as 
th^fe Pores. Now if we examine what (amongfl all the 
Things in Nature) a Mafs, coniifling of an infinite Num- 
ber of thefe fmall Bodies, which \v^re formed in thole 
induldting Pores, like fo many Moulds, and which oon- 
fequently refemble fmall Threads, which muft be veiy 
pliable, becaufe during the Formation of them, they 
were feveral Times bent different Ways,, may be compa- 
led to ; we ihall have reafon to think that it exadUy re- 
fembles what we call Water, and is of the fame Nature) 
becaufe we ihall find in it all the Properties which wcob* 
fcrve to be in Water. - 

2. For 



« ^ 



a. For JErft, if Water re&mbles a^Colfeaioh i^iitch**fnnth 
MI Bodies, it is certain, liat it ought to hfi Uffdi i ^'^Jt" 
biBOttfe the Parts of it being very fl^er, thejr arec^ly b^wit mp 
pot in Motion hy the Panicles of the li^nd Element, ^fot^t^lf^ 
which enter in bptwoex^ th^m and fimtxind them on HiU 
Side(. But these is no Jncoidiflency in fuppofing that it 
may foinetitt^es become baud, and appear in the Form of 
fee ; beicanfe at fome Tiniies, and in fome Places, the 
Matter of the fecond Eleiiqmt, being n^udi le6 agltatel, 
or much more fubtl^ fh^ ordinary, n^j cohwqiiently 
pot have Force ^noi^ ^o ^ove thp P^rts diftinaly |l-«> 
mongft each other, to thatDqgreeas to make them liquid. 

3. The Heavin^f^ of W&ter is alfo a natur^ Conile- t.Whjieh 
flucnce of this ^uppofition ; becauie Weight depends h*^* 
¥idy upon this, that the Jhirts have i>ot to great Motion 

p is lequifite to caufe them to go off from the Center 
pf theEarth ; wherefore they muA neceiTarily be impell^ 
thatlYay by the Action of theiecond Element; ^nd thb 
is the fjsa£oTi why Water is heavy. 

4. |iow we have no Reifpn, to wonder, that Water 4* Thtt Cftf 
'rficii it is hardened into Ice, is cold ; for thb is a natu- " ** "J^ 
pi Gonfequcncc and EfieA refulting from the Parts bc^ JpS^rAjn 
^ at r^ft, as was before explained when we treated ofBfotf 
Cold: But whpn it is liquid. Heat or Cold are equally 
i&difierent to it -, becaufe bv the Nature of it, it is equaDy 
fiifccptible pf greater qr l^jls Agitation, v^hii^ is neceffary 

to make if ^ot or cold. 

5f And though Water which is heat^ upon theFiie, ^T^r^z^ 
pows cool by Degree^ if is not becaufe it h^ any par- jjf^^^ii 
jjoilar pifpofition to b^ing cold j but pioc^^ds froiji 7[i^^% 
^^> that It conjimunicates ^t fuch a Time fome of its.^M3««» 
Motioij (ii^ which its Heat confifts) to the Things which 
iurrouiid \L and wfiich are Icfe agitated than it fdf : An4 
f|us i3 CQn$m>^ from hence^ that if we put hot Water 
|"to fuch a fqrt of a Veflcl as will ar^y way hinder it fronj 
Y^^ fo inuch Communication with the Things about 
1^ whofe Pa^ are fiifceptible of Motion ; we fin4 

yy Experience, that it will prefervp its Heat a long ' 

while.* , . ^ 

6- When Water i^ pretty much heated, fome of its 6.9>##flr4. 
rarticles will get out of their Places and fly up into the JT^^^^ 
^^ ^hcre they are turned round by the Matter of the iJh rsri/ 
H^ and fecond IJlement which they are n^xed with, and J><^« ^ » 
^<ie to unfold themfehres to tl^ir full Length, and to 
•S'JVf cvc|y Way round tb?m» all the Particle^ of the Air 

I 3 WhicJi 
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which they medt with in thofe Spherical Spaces of whic|| 
thefnielves are» as it were, the Dianieters. 

7. This great Agitation of the fzits of ^Water whicji 
caufes them to ieparate from each other, is ( 1} all the AK 
teratlon that Water undergoes, when we fay that it is 
converted into Vapoun j as is proved from hence, that 
ifi.they lofe any of their Motion, as they really db when 
they meet with cold Bodies, we fee that they unite them* 
Selves together 4g^in, and compofe the Tame fort of Wa- 
ter whic^ they did before they yrw iconyerted into Va^ 
pours!. 

8. I know there are (bme who are prejudiced with 
this Opinion, that Water which is evaporated, turns 
into Air ; and who alfo .believe, th^t Air changes its 
Nature and i$ converted into Water, when we fee the 
Surface of a cold Body, ^xpofoi to the Vapours excited 
in the Air, covered oyer with Water : Bjit ifi order to 
undeceive fuch P^rfons, I will tdl thepi an Experiment, 
which I have made,* and which they may maJke them- 
felveg, i|: being very eafy fo be donp, which will fhov 
them that Air cannot be changed into W^ten I took one 
pf the Glafe-^ottles with a Iqpg Neck, which the Chy: 
mifts call a Bolt-Head^ which held about two Gallons, 
and fealedit hermetically, fo that it might continue full of 
Air : After that, I put it into a Tub that wzs filled witlf 



* i^) All tht Alierdtion that It^ater 
pntUrgoef, &c*) Wat«r feemf not 
capftbk of being coavefted into Alr^ 
bectufe its P»ns are not ftiff and 

fpri^iJf ^M^ ^>11 *^^y bead ao4 
turn ronnd. Yet tlie'^mous Mr» 
JBcy/t (MernaA, tkit Water, by be- 
ing often diftili*d> mt^t gea«raIJy 
lie cobterted into an eartbj Sab- 
Aance | and we jcnow that in the 
Cotttie of Nature, Water, or (cme 
l5dbflai^:e contained ii Wate>y is 
every Year converted' into Herbs, 
Com and Wood. So Jikewife Air 
is not changed into Water hf Com* 
prc0k)n ; yet Air fe ms to be gene* 
need dut of H great niiny Bodiet. 
iFt r amoBgil other Eiperimeats made 
in yfcoo, thf ^motts Mr. Btylt oh- 
(ftiiti, that • tubftijice very iike 



Air, and which had all the Eflfedt 
of die Eltfticity o^ ^r, was gene- 
rated from hen and Oil of yiirioi^ 
from Bread, Grapes, new Wine, 
boyled Apples, from a great mioy 
Sbrts'of Fruits, from Boins, Flef^, 
Herbs, Flowers, and a great many 
other Bodies. Bitc upon examtniDf , 
the Thing more clolely, this was 6 
Hi f.om being pure Air, that Aai* 
maJs fltpt op in this Sobfianoe, coaiil 
not only not breathe in it without 
being hurt, bot they died in it muc^ 
iboner tiian in a Space entirely em^" 
ty. Sq that it is neceflary» tint this 
fhould be mixed with the ,open Autj 
generated frofai all other Sorts 
Bodies, before it be fit for Refffaaj 
two. 
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Water, and ftood ia the Cellar, where it remained for 
three whole Years without Interruption, except that I 
Jiow and tb^ took it out to fee what was contained in ^ 
it ; but I could never perceive the leaft (enfible Atomtioii 
to be made in the Air, nor th^t there was the leaft Drop 
of Water made* Which there would doubtleis have 
been, by Reafon of the Cold which furxounded the Bot? 
tie, if there really were any fuch Tranfniutation of £le^ 
meats as fome Plulofophers imagine. 

9- The Reafon why Vapours are fepaxated and. rife i^ 9- f^f^a- 
(as we fee them) into the Air, is becaufe they dafli a^ ^J^^^ 
gainft each other from all Sid^^ and drive one another btigbtM 
all Ways, fo that they have not Room enough to extend 
themfelves fo much, as the Agitation they are in requires^ 
unleis they recede from the Earth, and rife up into thp 
Air, where generally they meet with lefs Refiftance 
from that Part of the Air which is above them, than 
from jthe Bodies which are beneath or on the Sides of 

IQ. ^caufe the Parts of Water are very eafily bent, »•• '^z 
therefore they tannot put the Bodies againft which they ^^"' ^*' 
itrite into aj(iy great Agitation, any more than a ooay Tafl», and 
can be put in Motion, by darting a Piece of Thread •« ^^•^ «« 
ifiredHy s^inft it j whereas it might be very fenfiUy^m^- *^ 
ved bydriking upon it with a Stick of the fame tiefl'gth, 
Thicknefs and Weight. And this is the Reafon why 
Water when we driijk it^ flid<» along^theTongue, and fo 
is infipid, and unable to excite almofl any Senfatioh of 
Tafie. And becaufe in Bodies that fmell, thofe Parts 
vhich excite the Sehfation of Smelling in us, are the lame 
which excite the Senfation of Tafte when they are. applied 
to the Tongue;, it is manifeft, that Water, whichxapnot 
^cite the Senfation of Tafte, cannot for the fame Rea- 
*» have any Smell. ^ 

J I. Their being thuseafy to bend, is alfo the Reafon u. whf 
Jhy the Parts of Water can enter into the Pores of hard ^•teren- 
f defies, though they be not exaftly ftreight, aijd can al- TmJ^^I^X 
^0 get out of them again afterwards. e/* « veat 

.12, But becaufe the Part$ of Water, ace of a cjeter- ^^^^^f'"''' 
mmateBigiiefs and of a certain Figure j thprcfore the? ores ,/, ^'^i^ ,, 
puft be of a certain Bignefs at leaft for them to enter cannot paf% 
^^.Whereforc^ when wp fee Water pafs through fome/^;^^;«^.^^ 
pJies, and is contained in otjiers, wlxich we are afTured B^dinij^ 
*^°ni Reafon have Pores alfo, it is no moje furprifmg, <»//. 
^ to fee fomc Gi:ain pals through a Sieve where the 

* I 4 Holes 
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Holes are large, and not (Mfs dmHl^^anotltt^ yibcre the 
Holes are fmaJl. 
jj. iff Iff/. * 13. This Coiifidetation, gamely, that Wztercatt taHJy 
*^J^/^ '^^, pats' Wfoaghfome Pores, andwt « aJl through otters^ 
c/Pbiiojo- pnay ferye to undeceive thofe who ilipik that Water is 
^^# tfMwr Qne5 continued homogjeneou3 Bo47j without any real 
^tf^ater! Divifion, and th^t it is therefore liquid .becaufe it is 
capablp of being divided all Ways and in any Maimer. 
For if this were fo^ there cciuld be no mathematical 
Point affigned in Water, but that the Water could as ea- 
fily be divided in that Point as in any other ; that is, it 
could very ealflly he divided indefinitely. Confequendy 
Water might as eafily pafs through the Pores of Glafs^ 
as through thofe made by Grains of Band when tfaey 
touch one another 3 which is nismifeftly contrary to Ex^ 
penencc. 

I might here deduce mapy other Properties of Water 
as Confequences of that Nature which we have afcribed 
to it, but it will be more convenient to fpeak of theie 
In other Places ; wherefore I fiiall now go on to explaii^ 
the Nature of Salt. * ' -. 



■ 

CHAP. IV. 
Of S J LT. 

». Of tb» IJf y Defign here is to treat principally of ceinrnpn 
^a^uTi of XtJ. Salt, fuch as is made out of Sea- Water :' And iij 
. *"• ordey to Our uiiderftanding the Nature of it, \and finding 

out ^1 its Properties,' we need no. more th^ to imagine 
it to be' a Mafs made up of a great Number of fmsjUi 
long and iftreight Parts, dvery one of which 15 .cpmpofed 
of the Matter of the firft Element,' ppijlgealeij ?uid put 
into fucli Form by paffihg through thp long ftreight Pores,* 
which we know are chiefly to be met witlf in • jhc in- 
ward Parts of the Earth/ This being fuppofed^ it will 
explain all the Properties of Sialt, * ' 1 — . '^ • * 
j.WiySsit 2. And firft; becaufe the Matter of the firft Element 
{f ^^' is^ot forced t6 bend it felf different Ways, n<>r to be 
ft) much difunited,^ in concreting it felf, in thcife Pores 
jvhich arc pcrfcdJly ftreight, as in thofe which are crook- 

ed 



i^ 



cd «ttd unMattefe i tUtiri^ there im&te «i«ie M«ter 

^ reft, to compbie a Particle of 6alt^ than to -compofe 

W S^in^ele rf iVaiter j and confifequ^ the ftupts ef Sak 

^ncmft be inore^fdlid, &nd Karder to bend ^han the Parts 6f 

W^rtcri ^Wherefore fince the fturts of Water do Ibme- 

times twft riie-F'drce of the fecond Elem en t fo much. 

^ toicontinue at reft, ^ith refped to each ether, and 

^ con}()9fe a har^ Body ; this property ought, with ftill 

j gr ea te r jfafon, to be Wnd in tl^ Parts of Salt. 

'^ 3* ^t%e fame Argiiii^eiit wfait^h proves Sak to be hard, |« WhfH 

-does ayb prove Aat eveiv one of its Parts « iieavief than !Lt^S?!L 

thofe which comppfe Water ; It |s alfo certain^ tluit 

'larger Kec^ of o^t, caught tpbe heavier than an eqinl 

C^iant^ty oiF ^ater ; becaufe the ^arts of which thefe 

Pieces are .compofed^ are of iuch a Figuxe as will permit 

.tbem fo ^ jntne cIofely>iunited together, fo as to a>a* 

tain more tenrd|^ ftfott^r, tW there is in equal Quanr 

tities of i^ater. It is tUei^fore no Woiider that Salt finka 

±o tfap Bottom )p Water. But if it be diiTolyed, $hat is^ 

dividipd^into its oompon^t Particles ; we fee that it fwima 

in the )Vater, apd does 9ot. precipitate to the Bottom; 

which jEflfeA oug^ iK)f to l^ afcribed to tls SmallaeTs 

of its jPartsJ ijut to -the l^ature of the Liquid Body iaa 

which It /wims $ which h of fuch a Sott^ quit i^ Part$» 

by ^eafify mixing with, and entailing the Parts ^f the 

Salt, and movihg all Ways indiiFerently, bring them up 

along with them, in great Numbers, as readily as they 

Mdown. (i) " 

4. Pute 



^It.are man dtariy.uii HMj cx- 
•^hined \ij the inMnpanbie Sfr 
i/4tfr Newton in tlie MJowisg 
■Muiaer. * Wh«n Mtfcan fobK^- 
f.«i^te, it nfiibfimt^ with- Mb 
' Mefcmyy aad-bccomts MtHuri^t 
f dnUh, Vbkh 18 a white tftfteleis 
f £aNh finrce lUflblyahle 10 Wtter; 
-f akid Mer^uriut -daUit refohiiflMd 
' wkh Sfini of Sal^y retarat into 
f JMrfviojiiibliiaift} tad when Me- 
f Uls ' corroded with a little Arid 
« rurn iato Roft, which is an Eirth 
f tiAMk and indiflbhaUe in Wa- 
f ter, and this Earth imbibed with 
' more AciH becomes a zpetaliick 
* Salt I and when fome Stones^ as 
' S|ar of Lead» dil&lved in proper 
y iUnpru ffMi become Salts ; do not 



< thefff thingi ftcw tb«t Salts aif dry 

* Earth and watiy Acid united by 

< Attradion, and th>t the Etrth 
y.wiU notbwome a $ak witho^tfo 
f much Add as makes ^t difloivabi^ 

* In Water?—* As Qravity makes 
f the Sea ilow round the 4ea(er and 
« liireighiier Parts of the Globe ^f 

* the'Earth> fo the i^tti aaion may 

* make the watry Aeid flow round 
f the dehferand comparer Par^idea 

* of Earth for compofiag the Parti« 

< ^9H of Salt/ For other wiie the 

* Acid would not do the Office of a 

* Medium between the Earth and 

< common Water^ for making $alti 

* difibWable in the Water; nor 

* would Salt of 7«r/4r readiJy draw 

* ofi the Acid from di(folv«l Me* 

* tals, nor Metals the Acid horn 

* Merfurjf. 
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4, Pure Air is compofcd <^ Fsutigles too fine tp agitate 
the Parts of Salt aeainft which they ftrike, ,t(iey are la- 
ther zefleSed back again with their whole Motion. 
Wherefore when we fee Salt melt in the Air, we ought 
ntther to afcrib^ it to the Parts of. Water which fly about 
in the Air in the Form of Vapour, than to the r^rts of 
Air themfelves ; for we obferye that the Weather is al- 
ways moift when the Salts mdit. 

5, The Particles of Salt can eafier move with their 
Points forward, than obliquely, becaufe they are k^g and 
ftreight : And becaufe they aie inflexible alfo, ^y havp 
the more Force to fhake the fmall Capillameiit» of the 
^ervesof the Tongue, and thereby excite the S^niatioa 
of a fliarp Tafte. 



Mer€wry» Now •• in the great 
.Gkhe of the Earth ud 8ci» tht 
denk& Bodiea by tbdr Oitvity ink 
down 10 Water, and alwayt ea- 
dfayoor to go towirit the Center 
of the Globe | & In Partklea .of 
Salt, the ^eiiieft Matter may al. 
ways endeavour to approach the 
Center of die PartkJe. So that 
a Particle of Salt may be com- 
pared to a Chaos, being deafen 
hard, dty aj)d earthy hi the Cen- 
tef$ and rare, foft* moUl and 
watiy in the Circumference. Aind 
heoce it lecms to be, that Salts are 
Of a hfting Nature, being fcarce 
deftroyed, nnlcit by drawing tway 
their watry Parts by VioJeoce, or 
by letting them foak into the Porea 
of the central Earth, by a gen^e 
Heat in Putrefaction, until the 
Earth be diilbhred ly the Water, 
•nd ieparated into fmaller Particles, 
which hf Rcafon of their Small- 
nefs, make t^e ^tt«o Compound 
appear of a black Colour. 
< if a yery Tmall Qusntity of any 
Salt or Vitriol be difiblyrd in a 
great Quantity of Wafer, the P«r- 
tides or the Salt or Vitriol will 
not 6ak to the Bottom, though 
they be heavier in Specie than 
the Water, but will evenly difft/fe 
themfelves into all the Water, 
(0 as to m^ke it as faline at the 
Top as at the Bottom* And does 
not this imply that the Parts of 



the Salt or Vitriol recede fium one 
vnothery and endeavour to expand 
thMnfiUves, and get as far afooder 
as the Quantity of Water, in 
which they float will allow? And 
do^ not chaa Endeavour imply that 
they have a rcpulfive Force by 
which they fly from one another, 
or at leaA, that they attra£k the 
Water more (bongly than they do 
one another ^ For as all things af- 
0^ in Water which are lefs at* 
traded than Water, hy the gra- 
vitating Power of the Earth i £9 
all the Partidea of the Salt whiph 
float in Water^ tnd ire lefs attrac- 
ted than Water by any one Par- 
tide of Salt, muft recede from 
that Partide, and give way to the 
more attraded Water. 
* When any ialine liqaor ia eva<^ 
pontcd to a Cuticle and let ooo]» 
the Salt concretea in regular Fi- 
gures $ which argues, tlut thie Par- 
ticlea of the Salt before they con- 
creted , floated in the Liquor at e- 
qoal Diftances in nnlc and file, 
and by Confequence that they ac* 
ted upon, one anoiher hy wme 
Power which at equal Di^aceo ia 
equal, kt unequal Diflances uoer 
qnal. For by foch a Power they 
will range themielvcs uniformly^ 
and without it they will float irre- 
guhrly, and come together as :r- 
reguliurf|r*' Ntwi, Off, p»i. 36a* 
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6. This Figure added td their Stifiheis, makes them ^* if^^tm 
capable of entring into the Pores of Flefh-meat, and^^^ 
binderiog it from being corrupted ; for they get into tlie htp md 
Place of an equal Quantity of finer Matter which they *«'^«u^^ 
drive out, the Agitation of which might have caufed the 

other Parts to have feparatediiom each other. Further^ 
by fticking amongft the Parts of the Flefli like fi> many 
ioong ftifF Wedges, they hinder the more flexible Parts 
which are amongft them, -from being :^itated and diftur- 
M \ and this is the Reafoo why they keep Fleih from^ 
corrupting, and why ii\ length of Time it grows hard. 

7. When Salt is diiTolved in Water, the Parts of the 7* myftk 
Water have an Opportunity of moving round about the ^^^ '* 
Salt, and being always bent in the fame manner, theyfil^J^tlsm 
can very commodioufly pais out oT one Part into another ^ffpwattr. 
whereas, when the Parts of Water are not mixed with 
thofeof Salt, they are forced to bend and unbend them- 

fdvcs continually all Sorts of Ways, which takes ofF fome 
of the Force, which the Matter of the fecond Element 
^itates theni with \ fo that there remains lefs Force to 
move the Parts of Water alone, than to move them 
when they are mixed with thofe of Salt ; whence it fol- 
lows, that frelh Water is more apt to lofc its Motion, 
pt to be turned into Ice than fait Water. 

8. if vre confidcr that the Reafon why Water is tranf- ?• *^ '' 
parent, ip, bccaufe the Matter of the fecond Element, JJJ^^^ 
Which is in the iPores of it, tranfmits the Adion of 
luminous Bodies through it, we fliall have Reafon to 
conclude, that Salt- Water ought to be more tranfparent 

^han freflh Water, becaufe the Matter of the fecond E- 
Icment which is in the Pones of Salt- Water, keeps it felf 
in greater Motion than that which is in the Pores of 
frelh Water, and confequently is more capable of tranf- 
mitting the AAion of luminous Bodies. 

, 9. It is generally looked upon as a furprizing Thing 9, Aftcret 
to fee, that if in a warm Place, pretty nearly an equal f^frfexe 
Quantity of Salt and Snow or beaten Ice be mixed to- ZarmPUa. • 
gether, and laid round about a Glafs full of Water, , the 
Water in the Glals will freeze in Proportion as the Salt 
and Snow melt : But we fliall eafily comprehend the 
Reafon of this, and fo ceafe to wonder, if we confider ; 
that in what manner foever the Water be frozen, whe- 
ther it appears in the Form of Ice or in the Form of 
Snow; the Matter of the fecond Element which is in the 
Porej of it, muft be more fubtle or lefs agitated, than 

that 
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that vtich is in the Pores of <:^miioii Water (dt^o^w^ife 

^\ ^ (he lop or Snow would contkiae licjuid ftSI.^ On the 

•. contrary, if the Air be tempemte,/ as W0 now fopjpoie 

' ' jt to be) the Matter of the fecond EJeme^t^ which is in 

die Poies of the Air an4 of the W^ter contained in the 

.Glafs, muft be Ie6 fubtle and taxm a|itated, than that 

(Which is in the Pores of thp Snow or Ice ; 'Now t>ecauib 

the fubtle Mattef which is in the G4afs, ha3 a continual 

Tendency to pafs firoiii one Phc^ to anoth^, and <:hiefly 

^to a Place where it can move \^ i^lf with greater Free-* 

' dom ; it fojlows, f hat it muft really ps^^ Into «h^ Pore? 

^ jof the jSalt and Snow which are inciting^ wh^ it can 

jeafier move t))an in th^ Pores of th^ Water contained in 

the 61a(s ; and at the faine time, an equal ^^^iji^mtky of 

more ^btle and lels agitated Matter ^\x:h before was \t^ 

die Snow or Ice, muft enter into the Ghh^ iji order tq 

fiicceed and take the Pace of that which is gone out of 

it 5 whijch not haying Force fufficlent to put the Part^ 

of jtbe frefli Water which is in the Glafs into Motion, 

k cannot prevent their own Gravity from flopping them 

pne againft another, nor confequently from bf^coming a 

hard Body, that is, (i) they n^uft frfjeze,. 

lo. iPbi 10, The Chymifts fay, that Salt is a very fixed Bot 

Saitvili dy^ becauie they fin^ by Experiments, that it is with 

Ttttl^^' "g^^ liifficulty that it is made to evaporate j the Rcafon 

jcf which may be collefted from that Natuf^^ whfch we 

ihave afcribed to it : For befides that it is (le^vier ^n 

Water, it is certain, that it muft be very di^cuH ^f if 

-to rife up by turning round as the Parts of Watejr ^p 

when they afcend in Vapours ; becaufe the Stiflfhe^ of 

the Parts of Salt, when they dalh one againft another^ 

area Hindrance to this Sort of Motion. So that they 

can hardly afcend at ail, ^e?{cept it be with their Pointsf 

upwards 3 now becaufe in this Pofition, every Part has 

one End turned towards the Earth, their own Weight 1 

muft make them defcend with greater Force, than the 

little fubtle Matter which is applied to the Points of 

them, can make them afcend. 

Ti. When 



(i) Ibiy muftfritTU. &c.) The Sal^mnmiack is by farthebeftof 

Experiment vrill fucceed as well, if all. See the S»ferim*tit$ of tbt 4' 

inftea^ot common Salt, you make r4</. ciolC'mento,^^;- loo. tmdth 

uTeof Nitie, diftillM Liquors, hu' /Jotti an Part 1. Cbap, 2t« 4^tf- 



%iT, or any fuch like Bodies $ init i^% and 5^ 
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n. Whfert the ?ai»ts of Sah then arc feparatcd ftom V ^^ '' 
Aote of the Wat^r^ it muift be a very extraordinary ^I^J^u. 
fikey fuck zs ^i^ fiiiS by -Experience there is in Flames , 
dttt ean kee|[> the^ in MMion, and make it appear to us 
'A 4it¥otm of a* I^iquoi^ y now if the Salt be adckd to 
tbat Matter which ufes to nourifli Flame, the Solidity of 
tiie iSafe wifi nna&e that Matter ftill more powerfel^ »id 
dpAle of difiblvihg Bodies whkh can commonly bear 
die Fire, ftich as iht greateft part of Metals are : And 
dus is the Reafoii ^y Workmen niake ufe of Salt to 
Wp d^: Fire to diflblvc Metals. 

12. Becauie the Parts of Salt are not limber and eafy iz. JFt^ 
tdbebdit like thdfe of Water, it is cafy to Wrehend,.;^^,*'^^ 
dat if a Mixture of them endeavour to enter into vejy ,„/, #1,*^ 
fcftto crboked Poies, the Particles of Water only will P^tt of 
beaHcta enter in, aiid thofe of the Salt will be detained •''•^^•^^ 
and ftick in the bonding Pkflages : And thus we fee that 
SbrWater in paffii^ through a good deal of Sand, will 

lofe its Saltnels gradually, and become quite frdfh at 

SA. ^ 

13. The lame Stiffiiefs which hinders the Parts of Salt J/V^^Jf ''l 
from penetrating very for into the winding harrow Pores "^ '^To/^' 
rf fome Bodies, is afib the Reafon why, when tfifey zrt imports it 
«Ke enfeingled in them, it is with great DifSculty that "J'^ f** 
^ can get out : Chymifts therefore are forced to reduce' '** 
™ts to Afhes before they can draw out the Salt, by 

^t Means opening the little Prifons where each Particle 
idetairicd. 

14. Salt then being of fuch a Natiue as we have de- '^'J^-' ^ 
feibed, it is not at aS grange that when the Waters of ^^J Sm^ 
die Sea are violently Agitated in a very hot Seafon, its >?'•««*«• 
Waves Ihould (i) thtow but an infinite Number of JJJ^'^*;*; 
Sparb in the Night into the Air. For we ought to con- //«i. ^' ^' 
fidcr, that thefe Waves muft diiperfe a great many Drops 

*^t in the Air, which divide themfelves into ftill fmaller 
*^rop9 5 and that fome of the Particles of the Salt, which 
^ the moil felid and moft agitated, may then dlfengage 

(l) thrng 0ti inpmtiNtwAer of ttrr^rlal Partt, andeJfecUUf with 

Js^i'* ^') '^^^ following Qjierj Julfbureout dnes,*mtt Light, as ofitM 

^ Sir Ifaag Ni<»ton*t h very well tfi tbofi Fartx art fujpciently agita* 

j^th confiiering in this Place, ted, wbetbgr that Agitation btnuid§ 

i^* fi»y« hey aU fxed Botiits, iy Heat, orfyFriSioit, or Perctif* 

^^^atedbtyonda certain Degree, Jim, or FutrefaSion, or by any vi" 

J*' Light 0nd fbiatf And it not tal Motion, or any other Caufe T At 

. * ^^ifiom ferfomiad by the wbra^ for irfiance j Sea-Water in a raging 

*?**Aft^iw ofth»r Parti F And Storm, &f. Opt. p«g. 314. 
**«« ^aSodiii wbifb abound with 

themfelves 
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themfelves from the I'arts of the Water, and dart them-' 
felves into the Air with their Points forward, in fuch a 
manner as to be furrounded o|ily b^ the Matter of the 
firft Element^ which may communicate a Force to them 
, fufficient to impell the fecond Element, and fo produce 
Light, ^ 

i> m>y 15. However,* in order to produce this EffeA, it is 

'i^er'Zt '^^^fl^ ^^^^ ^^ P*^ ^f ^^ Salt fhould be very fmooth 
notfparkU and flippery ; wherefore Sea- Water which has been kept 
miaiL 2L long time, and Brine whofe Parts are covered with 
Dirt as it were rufty, are no Wajrs proper to. produce 
^ thefe Sparks. 
]tit s^i '^* ^^ ^^ fiirther neceflary, that the Parts of frefh 
Wcbiefy'^ Water, which are rolled about the Partickte of Salt, 
fnm m SMm- (hould be extremely pliable, fo as to be able to unfold 
*^' themfelves very eafily, and give the Particles of Salt li- 

berty to difengage themfelves; now this can never be 
but only in the gr^teft Heat of the Summer ; and there- 
fore we ordinarily fee fuch Sparks in that Seafon only. 
ij.Wbuiee ij, Laftly, it is evident, that in order to this, the 
sl'e!'^ ^^ Agitation muft be very violoit, and the Parts of the Salt 
Wmi ate niuft move with their Points forward, that they may^ 
mtfrt>ptrto the moic eafily difengage themfelves from the Drops of 
^6t^rV^'^' Water ; and this is the Reafon why the Sparks do not 
come from all the Waves, nor from every Drop of the 
fame Wave. 
x8. Hw 18. If this Phfenomenon have appeared furprifing to a 
^n^'eSalt* 6"^^ many, the Confidcratiori of the Formation of Salt 
ftn, ' on the Coail of France^ will appeiir no lefs wonderiiil. 
They who make Salt, diufe fome very fow Place to do 
it in, which the Sea would overflow when it is high Wa- 
ter, if it were not kept out by a Bant When the Wa* 
ter in tlie Sea is very high, they open Sluices, by which 
they let the Salt Water into their Pans or Ponds^ which 
they fill, and then fhut up the Sluices. This Water is 
kept fome Time in the Pans, that Part of it may eva- 
porate and that which remains become falter ; then they 
let go this Water into little Channels like the narrow 
Walks in our Gardens, the Bottom of which is done 
with Clay, that the Water may not fink into it. Alt 
this is done in the Summer, that the frefli Water may 
evaporate inceffantly ; and as it evaporates, the Grains 
of Salt form themfelves upon the Top of that Watd* 
which remains in the Channels. Thefe Grains aie all 
of thie fame Figure, which is pretty nearly cubical, ex- 
cept that the upper Square is a little bi^er than thi 

bottom 
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ho/ttm one, and the four Sides tendiog^.to Txapea^iams 
a little convex ; the upper Square being for the moft parta^ 
little concave in the Middl^ When the firft^Grains are 
formed entirely and come to a certain Bigneft, they fink 
down to the fiottom, and then new ones^are formed, and 
fo on till aH the Water is gone ; and then the Sak is 
heaped up, and more made in the fame malihen ' ' > 

19^ In order to explain what is moft remarkable in '4* ^<^ 
dus Account, we muft confider, that though the Salt ^^ sX^'Jf. 
does not afcend up in Vapours, vet it cannot be denied •mageihtm' 
but that fome of its Parts are dragged up by the Parts Ar'p-/^^ -. 
(^ the fieih Water which the Heat makes to fly up into ^^ ^^t 
the Air, fa as to rife about two Fingers Breadth along 
with than imo the Air | aAir which, being loo&ned from 
the Parts of the; fiefli Water which quit themfelves and 
fly from tbem, thiey fill down by their own Weight* 
And that thb is fo, is fiery evident from hence, that if 
feme Rods be placed at this Height over tibe Salt<-Water 
which is evapoiatingt the Salt will gather round them 
like Ice, which it will not do if the Rods be fiaced a 
little higher. Thefe fmall Particles of Salt which fall 
back thus upon the Water, fwim upon its Surface, for 
the&me Reafon that we formerly faid fmall Steel- Needles 
fwam *m tike Manner. So that they do not fink into the Ttb. xiv* 
Water at all, but only bend its Surface a- little in, and ^*«' ^ 
ttake a fmall Cavity, at the Bottom of which they re- 
nuun furrounded with a little Ditch ; toii whilft there i? 
but a few of them upon the Surface of the Water, they 
difperfe themfelves to" a good Diftance from each other^ 
without any order, as ttey are reprefented in A. 

20v But when there comes to be a great Number of 20 Hew. 
them, thofe that fall upon the Surface of the Water af- theypUce 
tcrwanjs, muft neceflarily fall upon the Sides of thofe lit- J^*^' -^r.r 
tie Ditches which were made by them that feU firft, and ^eb otb^ 
fo flip down to the Bottom of thefe Ditches, and place »^ '*» ' 
thenrfdves by the Sides of the firft Particles, as you fee f//^^,^. 
them reprefented in B i in the fame manner as fmall Sted Tab. xtvl 
Needles will do when they fwim upon the Water ; for ^'s* 5% 
as foon as any two of them> come pretty near one ano- 
ther, they immediately place themfelves by each other's 
Side. 

21. The Particles of the Salt ought to continue to range »i . JFhy 
themfelves in this manner, till there is a fufficient Quan- J^-J,-^^*" 
tity of them to compofe a little Square ; but when this into a TJ^t 
Square is formed^ then the Hollow made in the Superfi* •/ a Crofs. 
cie^of the Water being every where of an equal Depth, J^'^^^" 

tliere 
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place themfrkttat the Sides rather thaft at. the Eikb of 
the eld oaest io that thef wHl' really' sas^e tbemiclVe^ 
allbath-tfaeSdcaaiidattfaeEndsi andfefonn theinfelvear 
iMaa ibct of x Crds, as jcai fae i q H i ri h t ted sit & 
2^. jlM9 2fl^ FoKtfafr^ bdcaufe the Cavity uriiichx it: mm maddi 
rA« ^/it by theie laft Particka of Sak^ k a Kttla diepar trheixr 
^*^!sJU*^ four An^ «ttsr Inao: the Cvok^ than an;& where 
^lifx^* elfey hekSaufe t^efe Pbces aie fbinraihat neattr the ]Vlid> 
Z%* 5« die than the reft) theiefore if there casne any nevr Paiv 
tides, they naift flip inta thefe Fhoes, and dixjpdfc tbem^ 
fdves as they aie Rspicfiaited at D« 
ss« fl^tf ^3* After a great Numbeir of Barticks art united to«» 
<?''<'<« ef gedier in this manner, dietr SAnght' then bcckunes fuffi** 
^UkST'* dent to make the HoUow of .the Water pretty deep, an* 
the Declivity of its Sideaveny JehfiUe. The Pavtacka 
therefore whick iall aftennrards^tmuft tuixdde upon the 
Particlea of the \a9rtr Order, anc^aange themielves upon 
them^ Ia the fiohe manner as they i^aiigBd themfelvesat 
firft. And by thus ranging themfdves one upon another, 
they will become of the Thicknefs of a Grain of Salt, 
die Breadth of which will be hfger as it grows thicker, 
becauie the fiq»erk>ur Order is always compofed of a 
greater Numbor (tf P^cles than the inferiour Order. 
14* BKp it 24, However, we are not to think that a Grain can 
^^' become of any fenfible Bip^s, tiU a great Number of 
thefe Orders of Particles hke Leaves, are laid one upon 
another \ and then, becauft the Length of die Sides of 
each Leaf is very much increa&d, a great many of 
thefe Particles place them&lves at the End of each o» 
ther, and fo join themfelves to the firft. And bedaufe 
thofe Places of the Cavity which each Grain of Ssdt 
. makes upon the Surface of the Water, are deeper the 
nearer they are to the Middle, and - b^ufe the Parti- 
Tabf xnr. cles of Salt always defcend as low as they can ; it follows, 
^'^l' S* that a great many more of thefe Particles will place them- 
felves in the Place £ than in the Place F of the Sides of 
the foregoing Leaves ; and this will caufe the Leaves 
thus formed to be perfeftly Square. 
ft$. wiy 25. And becaufe the Leaves become at kft of a fen- 
\^JcbGr{in ^^^^^ Breadth, and their Superficies fo rough and unequal 
*ii'Mh^. ^ not to permit the Particles of Salt, which fall after- 
wards to roll upon them without great Difficulty ; there- 
fore thofe Particles which compofe the laft Leaves, which 
arc upon the Top of the Grain, cannot get to the middle, 

which 
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which is for that Reafon hollow in every Leaf ; and 
that; makes the Top of each Grain hollow^ and caufes 
them alfo to fwim fo much the longer Time and the 
more eafily- upon the Water ; And becaufe tHcy will. not 
fink fo foon by their own Weight as they would, do if ' 
there were no Cavity in them, there is the mgre.Oppor- . 
tunity for new Particles to join themfelves to the old 
ones, and fo confiderably to mcreafe the Bignefs of the * 
Grains. , . ,. 

26. At laft the Weight of the Grain becomes fo great a6. Bew 
as to make it fink tothe Bottom of theWater, which hap- ^^fiOraim 
pens fo much the fooner as the Heat is greater ; becaufe T^^m^f ^ 
the Agitation of the Parts of the Water, makes it thtfmaiu 
eafier to give way. And this Heat may be fo great, that 
the Bignefs of the Grains may he fcarce fenfi,ble, wheq 
they fink to the Bottom of the Water, fo that, the Salt 
taken from thence may be like Powder or beaten Salt. 

27. From the Manner in which we have faid that ay. my 
Grains of Salt are formed, we may collefl:, that they ^raim of 
ought to be more brittle at the Corners than any where ^^afiJ^Z 
elfe, becaufe the Parts of the Salt are not fo vegulsirly broken at tbg 
ranged at thefe Corners \ and hence it is alfo that they ^omerttbam 
are very blunt. ^ _ \erf.^here, 

28. Further, it is eafy to conceive that fome Parts of 28. frbj 
the frelh Water may be entangled amongft the Particles ^^^* ^^fchieu' 
of Salt of which the Grains are compounded, and fo. '^bJvwnlnn 
ftreightned. that they cannot be turned round without be- 'A«F/>#, 

! iiig folded up* And if an extraordinary Heat ftiould atf 
I any Time give them a fufScient Force to unfold them-' 
jfelves, they muft do it by breaking their little Prifon with* 
laNoife; which is the Reafon why Grains of Salt crackle . 
when they are thrown into the Fir?, And this is con- 
firmed from hence; that if thefe Grains be very dry, that * * 
c, have no Particles of Water amongft them ; or if they 
1)e bruifed and reduced to a very fine Powder, they will 
then make no Noife, or they will Ipfe the Property of 
crackling. 

29. The Particles of Water which are commonly con- »^. urby it 
tained amongft thofe of Salt, help to mak^ it melt the '^^fih ««^'* 
more eafily when it is put into the Middle of a great Fire '" '^' ^"''' 
in a Crucible. So we fee that the Salt called by the . 
Chymifts decrepitated Salt^ which has loft' all the W ater 
conta'med in it, is very difficult to melt. 

Vol, II, K; 30. Be- 




30. 7M ^o. Becauie the Parts, of the Salt are fo (olid as to 
i^.'^^ti ^* ^ AESpn, of the fcami Efcmcnt ; it foBows^ 
0gdtra»jpa'ti33it the fmaU Globules of it, (by Means of which, wc 
r«tr, snd 'bejRstre laid, th^ A<5tipa o(^ himinous Bodies was cxtend- 
TmuT^alS^ cd tp (b great av Diftancc) muff pafe quite throug;h, or 
wtmt tbtt A& he r^eAed, vrithout any. Diminution of their Mo« 
^Sia^ tion 5 the Grains therefore muft appear either tranipa- 
Sm^lwbicbJ^^ or whi^. And becaufe thcfe Parts are alfo very 
ujmmtimn fixed, , It fb&ows Hkewjie, that they muft be very difficult 
bm, sHfiu xo be exhaled ; fd that Salt ought not to have any Smell. 

IF the contrary tp^ thfs be found by Experience, in that 
moft Salt is Criey, and that Sadt when it is frdSi made, 
finells fomethirig fike a Violet ; this does not diminifii the 
Force of oui; Reafoning ; becau^ this Colour and Smell 
ari(e from the Mixture and Difpofition of foreign Partis 
des which get in and go along with the firft Particles of 
the Salt^as the Grains are forming. 

31. rbai 2 1, And Experience fiilly {hows this to be fo. For 
iSJ^S!^ if grey Salt be melted in frefli Water and ftrained, and 
bmt it mn^ then laid in the open Air when it is warm and clear, that 
^««^ the Grains may be new formed again ; they will lofe both 

the Colour and the Smell which they te^d before. 
|i.CM«r»- 2^. The foreign Particles which mix themfelves with 
2L/pr<»- ^^ Particles of Salt, being difiejent . upon the different 
feriitt of Cbafts where Salt is nulde, is the Caufe of the peculiar 
M^ Properties which we find to be in the Salts of different 

Codb. And therefore it is no Wonder that the Salt 
made upon the Coaft of France may be of ufe for Ibme 
Purpofes, which that made upon the Coaft of Spain is 
• not at all proper for. 
33. Wby 33. Laftly, It is in the Sea that Salt ought chiefly to be 
SaUUfrin^ found ; For though there is a great deal of it formed in 
^fwwdintbt *^^ Bowels of the Earth, and alfo in Places that are at a 
Sta. great Diftance from the Sea ; yet becaufe its own Weight j 

makes it always tend towards the Bottom, and it is man 
ny Times carried down by that Means ; after it is fi 
the Veins of Water which difchai^e themfdves into 
Sea, loofen it and carry it along with them... 
jA. A Mij' 34. I (hall only juft mention in this Place, that it 
^nlC «^" ^ S'^^^ Miftafce in Arijiotle to affcrt, that the Saltnefs 
€eming ^tbt the Sea depends upon its Waters being heated by the Ra; 
Sahntji of of the Sun, for we do not find by Experience, that 
1^ &ta^ jjgat of the Sun or even that of Flame, will convert i 
Water into Salt Water, 

35. Tl 
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.35, That which feems in fome Meafure to favour 3 5-^y 
this Miflake, is, that roaft Meat is more favonr, and ZoffiC'J^' 
taftes moft of Salt in thbfe Places which are moft expo^ on tL out* 
fed to the Fire. And alfo, that the Water in the Oceah^'''* 
is more Salt in the Torrid Zone, where the Sun diffufcs 
mdr6 of its tteat, than in thoft Places which are near the ' 
IWes. As to Meat; * it. is a known Thing, and allow- 
ed \yy all Chymifts^ that there is no Fle(h but has fonri^ 
Sak in it, which is pretty equally difFufed through all iti 
Parts. Now when the Meat is put in Agitation by tht 
Heat of the Fire, fonie of its Particles are driven toward* 
the Superficies, and are alfo exhaled along with the mor* 
liquid Parts, which caufe that Smoke which we fee rife out 
of the Meat when it is roafting ; and becaufc the infipid 
Particles only can afcend to any great Height, or Di- 
ftance ; the Particles of Salt can hardly get above two or 
three Inches from the Meat, before they will defcend 
by their own Weight, and fell back upon its Superficies, 
And thitf is it that makes thofe Places "tafte fo quick dnd 
Arong as we fiind they do. 

36. And as to the Difference obferved between the 3^- ?^y'^ 
Saltnefs of the Water of the Sea between the two Tro* ^^\ittU 
picks, and that near the Poles \ It arifes from hence, that tv)Qir<fickt% 
the Sun's Heat being much greater near the Equinoftial 
than at thofe Places which are a good Diftance from it, 
a much larger Quantity of frefti Water muft continually 
afcend up in Vapours there than elfewhere, which do not 
defcend again in Rain till they are carried a great Di- 
ftance from thence ; fo that there being a lefs Quantity 
of that Whidh tem'perates the Salt, to be found in thofe 
Seas which are between the two Tropicks, than in thofe 
Seas which are in the Frigid and Temperate-Zones j it iar 
ng Wonder if their Waters are falter. To this we may 
^d ; that the Ocean is of a much larger Extent betv^eeri 
the two Tropicks than any where elfe, and yet there are 
fewer Rivers difcharge themfeives into it. 

^ 37* After having thus explained moA of the Proper-* 37. o/ih» 
ties of common Salt > there remains nothing more for us Nature of 
to fay about other Salts which are digged out of th^s^'^/^Jsa^, 
*^rth, fuch as Nitre^ and Sal Armoniack^ but only that* ^'^ 
^y are produced much in the fame Manner, and that 
whatever is particular in them, is owing to their Parts 
W^ mosrc or lefe grofi \ and that whereas the Parts of 

Vot. II, K a Sei 
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Sea-Salt may be compared to Cylinders (i) the Parts 
of other Salts may be like Prififis or Cones ; and laftly, 
fomeof thefe Salts may be fo fubtle as to fly away by a 
moderate Heat ; as thofe which jthe Chymifts call Voktih 
Salts. , 

effiZ^^ 38. Ther^ is one Thing very obfervable, which I 
Sa/t hmade. muft not pafs by in Silence, and that is, that all Salts 
may be fo changed as from a hard Body to become li- 
quid. In order to make this Change, they take the Salt 
and commonly mix Brick-Duft with it, and put them 
together into an earthen Veflel, which they call a Retort ', 
then they fet it upon a fierce Fire, by the Force of 
which the Salt afcends in the Form of a Vapour, and 
;as it condenfes, it drops into a Receiver. And this is the 
Liquor which the Chymifts call Oy/, or Spirit of Saltj or ^ 
jiqua-Fortis which is ufed to diflolve Metals with. 

39. How 29* In order to know how Aqua-Fortis comes by this 
it'ti^ Tntl Force ; we muft conlider, that the ftirticles of Salt 
a Liquor, which are very ftifF> cannot be made lunber, by being 

forced through the winding PaiTagfes which^ are amongft 

•' the Brick-Duft, but at the fameTime they niuft become 

^ flatter; and whereas before they refembled little Cylinders, 

•• . tjipy now become like the Leaves of Reeds^ with fharp 

^ Edges on each Side 5 and herein confifts the penetrating 

SuaJity of Aqua-Fortis^ and alfo its very fharp Tafte io 
Ich different from that of Salt, which only afiefts the 
Nerves of the Tongup when the Points are applied to 
them, whereas the Parts of Aqua-Fortis, cut with their 
lodges. 

40. Of tbe 40. Laftly. All that which is produced by Art in the 
'^jf^'" ^^j Laboratories of Chymifts, is done naturally in the Bowels 
VtidoiT of the Earth, where we fometimes meet with (harp and 

corrofive Juices which are like Aqua-Foriis^ and which are 

capable of making infii^ite Variety of Diflblutions of all 

Sorts of Bodies, even the hardeft of all. Now it is to 

be obferved,' that thefe Juices confift* oC -two Sorts of 

Particles, the one of which are fmallei: than the other, 

% , and that when the Heat which is within the Earth, has 

exhaled the finer Parts of thefe Juices, by* i^hich the fc- ' 

• - * cond Element agitated the groffer ones ; tfidN Weight of 

thefe latter muft caufe them to be at reft vnxh refpeft 

*• . . > -.■ 

• « • • • 

(1) rb^ Parti of other Salts, &c.) ing l«fs like a Pyramid obe w«y . 

Thp Particles of Nitre, when look- froni wLeflce the principal Prcptr- 

^ up^n through a Microfcopej ap*- ties of it may cafily Ufc deduced. Sn 

pear to be Sexangular, thin and long, Clerc'i Phjjicks^ £ffok U, CbaP. 5. 

tiicirSidctParailciogram8,»ndgrow» SeS, 18. 

to 
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to each other, and by that Means to become hard Bo- 
dies, in which we may meet with all the Properties which 
we fee by Experience are in ( i) Allumy and (2) VitrtoL 
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C H A P. V, 

Of Mineral T L. ^ 

WE have feen by the feveral Properties of Water i. of tU 
and Salt, what may be produced by the crooked ^^' ^'f 
Pores like ff^aves^ and alfo by the Jireight Pores which 
are in the Bowels of the Earth : It remams now that we 
examine what may be generated by the third Sort of 
Pores, which We compared to the Branches of Trees. 
And fince there are found in Mines, certain fat oily Li- 
quors which will not eafily run ; we cannot but think 
that thefe various Liquors, are nothing elfe but CoUedli- 
ons of thefe branched Particles, compofed of the Matter.. 
of the firft Element aiTembled and concreted in thefe 
occult Pores, 

2. Thefe Q)lle(5tions may very well be liquid 5 for tho* *• ^y '* 
on the one Hand their Parts feem not much difpofed to"^^*'^* 
flip one upon another, as the Particles of Water ; yet. 
this is made amends for, by their not being fo fitted to 
; approach each other ; fo that their are very large Intervals. 
between them, which may contain a fuiEcient Quantity- 
of fubtle Matter to put them in continual Agitation^ 



(i) Allum,) Later Philofopbers 
iuve obferved> that the PartkJe» of 
AUumy when Jooked at through a 
Mtcrofcope, appear to be a UttJe 
nore compad, and to have a fex- 
ttgttlar Plain on one Side, as its 
Top, and on the other oppofite Side 
S like fexangular Piain^ with two 
Qgadrangnlar Pl3)ittS lying bstweea. 
j^hence they ooUe^, that it ought 
I be ifbingent, to harden and cor- 
ie ; but becaofe the Ends of the 
liar Points are (bmewhat blunt, 
it U not ia iharp u Fi* 



(a) Vitriol.) Concerning the fe- 
deral kinds of /^rr;o/; the manner 
of preparing the Medicinefl, &r* 
See F/iny, Book XXXIV. Chaf. xii. 
Later Philofopbers hive obierred,. 
that its Parts are /harp on both Sidei^' 
and oonfifts of ten plain Sides, vix^ 
of four pantagonal Plains in the 
Middle, and three triangular Pbis 
at each End. Whence theycolIeA^^ 
that it ought to have a ? ery flrone* 
corrofive and aftringent Power, 
to be th« moll Acid that can be» 
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V ^h «' 3. Thus the Interruption which there is apiongft the 

fhatt ^atir.^^^ of oily Bodies makes them alfo to contain lefs of 

^ their own proper Matter in the fame compafs, than if 

their Parts could be ranged in a better Order; and there^ 

fore they ought generally to be very light. 

4. PThy it ^^ ^nd they can hardly be tranfparant, becaufe tbey 
J^J^;,/''^"-/'' hinder almoft all the Motion of. that Matter by Means 

of which the Objedb which are beyond them a£k upon 
the Eye. 

5. f^y if 5. And becaufe the Parts of Oyls are of fuch Figures 
«««'«■» as will not allow them to flip by cwpe another with eafc, 
wlgeer, ?ut ^ ^^0^^ ^f Watet do ; and yet fome of them are near 
$$notf9 upon as grofs as thofe of Water; it may happeq, that 
**^^ the Matter of the firft and fecond Element, may not 

be able to keep the groffer Particles in Motion, though 
it may have Force enough to keep the other fo ; For 
this Reafon, thefe Oyls may congeal fooner than Water, 
and yet not become fo hard ; not only becaufe they are 
fare, but alfo becaufe the fuhtle Matter, which incomT 
paffes them, is always agitating the Extremities of the 
little Branches of wnich every ramous iParticle of Oy! 
coniifts j and this makes them to have a kind of Soft- 
nefs. 
§.fF^ieii 6. It IS evident that it muft be very difficult for the 
j^thePartt'P^^ of Oyl to get out of the Pores in which they are 
tfOfito he formed ; and that it is a very bad Way to endeavour to 
•gj?^ J^ difengage them by a violent Heat ; for this will rather 
wHiHthty break in Pieces their Branches, than draw them out, and 
«w. hy that Means change the Form and Nature of them : It 

is on the contrary, more proper to make ufe of fomething 
lyhich can enter gently into the Bodies in which Oyl is . 
contained, and ferrate their Parts and widen their Pores, 
ib a9 to give the. branched Particles an Opportunity of 
coming out of their little Prifons. And this agrejes with 
^Experience; fpr Chymifts have no better Method of 
drawing^Oyl out of dry Bodies thap to fteep them firft in ; 
a fufficient Quantity of Water, and then %o diftil the 
^hoie through an Alembick. 
y.HjMo^tf. 7, Npw Water is the moft ufeful for this Purpofe, be? | 
^tolxhiS caiiic it wjll eafily and with a moderate Heat afcend in j 
Oyl, a^d tjie Forni of Vapour, by which Means its Parts will carry | 

jr '' i*/ A ^ ^^^ ^^ ^)^^ ^^PS ^?^*^ th?i^> which otherwife couM 
forth ^!re ?>^? ^ movied and put in fo great Agitaticm as to fiy away 
Vapourt in Exhalations, without a much greater Heat than is /JC- 
f^fiRxba. ceflary to make Water evaporate ; and further, the Parts 
... '♦•'• gf Qyj ^^ (bmetimes /o entxagled with each other, that 

' ' they 



they will bum fboner than exhale alone. ^ And this is an 
Obfervation worth remaking ; becaule it fhows us, that 
Exhalations cannot rife <M of tlie Bowels of the Earth, 
but that they muft he ?iccpmp^nied yrith a great Quan- 
tity of Vapours^ but 'that dieft latter may often rife 
^one. 

8. The Nature of all Sorts of Oyl bfcing thog fu?p«bi|, «• »«r^ 
it is eafy to fwdee J that if there be any particular Sbrt^'jf^J^ 
of Oy], whofe Plurts m^y be broJoen in Pieces by being chmaftd tm 
a)ntinuaHy bent backwards and forwards, then livery lit* «'*'» ti- 
de Branch wiB be broke into as many Jittk Pietes as it STilSl 7 
■IS iQade up of; the Figures of whidh not being fo axv^^gUtiami 
Aient to entangle eadi other as they were Wfoce, thw *«4r* 
^uftoecefiarilycompofe a thiimer and finer Liquor. And, 

on the contrary, if the Bwts of any other Sort of Oyl, 
>rc very difficult to break, they may at laft meet iogs* 
ther in fiich a manner, as quite to entangle each bther^ 
^<i confequently they will connpok a Body which wiU 
not be liquid at all Tbas it naiy happen, fiat ibme 
OyI$ whk:h are kept a long Time, imay grow thin, ahd 
h converted into a Liquor like Water, which i^ not in-» 
flammable as the Oyl was from whence it proceeded ; and 
that ciher Oyls may condwifc and become a v3cohs Bo* 
^Y like foft Wax, 

9. While the Oyls are concreting in the Bowds of the •• ^'^ 
Earth, and after they are concreted, their Pores may be jJJUlZt 
filled with a foreign Matter wi^ich is ftopped in them, Snipbur^md 
as, for Inflance, that of the feveral volatile Salts ; and by ^/J*/*^: 
Ais M^ans, the fubtle Matter of the firft and fecond Ete- m^. 
Bwnt being no longer able to enter into thefe Bodies in 

fogii$at a Quantity as before; they will fo for lofe theii' 
Liquidiiefs, as not to recover the Agitation of their Parts 
hut by the ffcip of a confiderable Heat : Thus their 
Nature will be altered, and they will become hard, an4 
*ery heavy Bodies, fliCb as Min^nl Sulphur^ and the fe*. 
V^ral Sorts of Bitutmn taketi out of the Earth, ^ 
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CHAP. VI. 

Of M E t A L S. 

w*Vf »*- Kl^L Bo<!ies which are taken out of Mines are called 
'mllahf^' AC«^rvj/j in general, and they are commonly di- 

« ' ftinguifhed into two Sorts. The firft Sort are all thofe that 
will melt in the Fire, and can be forged upon an Anvil, 
"; and thcfe. are called Metals ; the other Sort, are thofe 

1. which have but one of thefe Properties at moft, and they 

' s • 9re called by the general Name of Minerals. 
ft. Thattui ^. •2. The Metals are, Gold^ Silver^ Lead, Copper, Iroftj 
^OkLt^^ and Tin, to which we may alfo. add ^ickfther, notwith- 
/tf/*. ftanding it be generally liquid, . and not capable of being 

forged 1 For we place it in die Rank of thefe, becaufe 
there are feveral Ways oi making it ceafe to be liquid, as 
for Exardple, by expofing it only to the Smoke of mel- 
ted Lead. It is concerning thefe Bodies only, that I in- 
tend to fpeak in this Chapter, and fhall referve what I 
have, to fay of Minerals to the next Chapter. 
3. Of the • 3.. And firft, it is to be obferved. That though Salt be 
p'^fTJf ^^ ^'^ ^^" Nature very fixed, yet this does not at all hin- 
j£!a(u ^ but that it niay be moved with a very great Velocity, 
not only whilft it remains in the Pores of the Earth, 
I; . . where it is. firft formed, and where it muft have as much 
j^* Rapidnefe as the firft Element of which it is compofed j 

bu* alfo when it paffes out of the Pores of the Earth into 
other Pores which arc. a little bigger, if no other Matter 
but: that!of the. firft. Element be fuftered to furround it : 
For then j when it has loft a great deal of its Motion, it 
. will acquire it again, for the fame Reafon, that we fee 
■JVater does, when it is mixed with Lime, and enters 
into the Pores of it. What I ha,ve now faid of the Parts 
of Salt fingly, is to be underftcod alfo of the Parts of 
Salt, Water and oily Subftances mixed together. We ap- 
prehend therefore, that all thefe may be moved together, 
and go along through fuch very ftreight Paffages, that 
they have no room to-dirh efthier to .the Right Hand or to 
the Left, but only tq move directly forward all together ; 
whence it follows, tfint being at reft with refpeft to each 
other, they will form 'rfigfe littlq hard Bodies which wc 
imagine to be the component Parts of Metals. 

4. It 
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4. It is to be obferved further, that thefe Sorts of Kt- 4» T*«' " 
tie hard Bodies, muft generally be formed very deep in J^^^,^ 
the Earth, where the Earth it felf is very lolid, and Bowib of 
where fuch Sort of Bodies as are neceffary to form them '^ S^rth. . 
muft confequently be found ; rather than towards its Su- 
perficies, where its Parts are difunited, and at fuch a 
Difiance from each other, that the Air and a great niany 

other Bodies diiFerently agitated, can get in betwixt them 
and hinder them from generating any thing that is fixed^ 
as the component Parts of Metals muft be, v 

5. Now it is eafy to apprehend, that the Vapours and 5*^<wr*g^ 
Exhalations which afcend out of the Bowels of the Earth ^^m^;^ 
with fome Rapidity j may fometimes pafs through par- tb* Smperfi* 
ticular Places, which though they be indeed very ftrait, ci^so/ tU 
yet may be wide enough, compared with the fmall ^'^ * 
Parts of Metals which are brought, thither out oif thofe . 

Pores in which, as in fo many Moulds, they were formed 
and lodged. By this Means, thefe fmall Parts are brought 
up very near to us, and ftx)pped in the Sand and other 
Parts of the exte^-nal Earth, which is within our Reach^ 
i and which Mens Curiofity have led them ^to fearch into $ 
and being lodged there, they compofe thofe Veins of. 
Metals which are afterwards refined by Art. 

6. When the Parts, of Metals are mixed vrith an ear- 6* ^ft . 
thy Powder, there is no doubt but that Fire is very; pro- f/^^" f^^ 
per to fetch them out and to refine the Metal, be-^r/o/>/«-* 
caufe it will eafily difperfe all that which is not metal- ''*'* metaW 
lick J But if the fame Parts :ftick in any Matter which^Xw'''"" 
is very hard, and whofe Hardnefs they increafe by fil- Mature 
ling up its Pores ; it will be to no Purpofe to make ufe 

df the Force of Fire in order to difengage thefe Parts ; 
becaufe Fire will not difperfe any Matter w;hich refifls •. 
it very much, without corrupting at the fame Time and 
reducing into Smoke a great many of the metallick Parts. 
For this Reafon when any valuable Metals, fuch as 
Gold or Silver, are to bp feparated from any terreftrial 
Matter which is very hard, there muft be fome Artifice 
made ufe of. 

7. But whatever the Manner of refining Metals be, 7. Of the 
the Metal jt felf cannot but Jbe very heavy, becaufe the Bardnefi of 
Parts of which it is compofed, being very grofs and fo- ^*^'*''** 
lid, that which is compofed of them, muft confequently 

be very weighty ; and for the fame Reafon it muft alio 
be fo bard^ as not to be made liquid but by Means of a 
violent Heat. 

8. Howe* 
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•^j^f**- S. Hbwevcr, k may happen, ^hat Ae -Parts bf )a Me- 

2f|JjJ***' tal oiay be fo fmooth and fo ivcU poHhed, ami ^fo 

Qakk!U«er (i) of luch a Figure, Aat they can touch oiie another 

ii-klpiii. III u. ve,.y few Places only : In tbre Cafe, they witi 

comffofe a liquid Body ; becaufe tfe Matter of the firft 

Element, and fome of the fmaller Particles of the fe- 

tcmd Element, will <x)ntliTOe to flow amongft them, and 

fo keep them in feme kind of Motion^ 

jfj«-«« 9- ThB OWenration is very well worth nemisirking ; 

stdiftri becaufe it explains to us that particular Qualrty whicli 

JJJ* ^ makes ^ekfiher to diflfer from other Metals; And as 

• to the Differences obferved in Metals, we ih?y aflifm in 

genend, that thdy HI confift in this ; thal» tiheir com^ 

pbnent Parts ^re of diflfereiit ^ignefs, <tf dtRerent Soiii> 

dity, and of different Figures. 

]o« 7**f it to. It is therefore no ContradiSion in the Naturp of 

? ^^^} ''"^S^J ^^ 'T adding to the Parts of foinie cheap Me-. 

fiStoH^ tab, fome other Parts vi Matter, which mayraufe them 

Ltad into io ht |ifee the Partis of % vak^ble MfStal, fhch a Tran/hm- 

CM iafion of Metals may be made, as fo many Chymifts 

hare wiifttpd for, and which fome of that Pyof^ffion h^vc 

4^1ared that they have found, 

ji. But I ?• But becaufe we do not knowpartlcuferly what the 

fhatib^tit Figuj^e and Bigncfe of the fmsdl component Parts of Me^ 

%e»?kf **^ ^"^ ^^'^^ Ingredients which go to make fuch ^ 

t&e Sfctett Tranfmutatfon, are ; neither is the Secret of uniting them 

together, as yirt found out 5 we muft think, th^t if \t be 

true, th|it fome Ohymifts have now and then converted 

Lead into Gold, it was by juft fuch a placard, as if 

/ k Man fhottld let 6dl a handful pf Sand upon'^ Table, 

ta& tbe Paxticles of it fhouH be fo ranged that we could 

i'ead- diftihffly on it\a whole Page of Vir^l\ Mnead, It 

is therefore great folly to attempt to find oat fo grezit ^ 

Secret by Reafon or Art; And ther^is fcatce any Thing 

moi^ certain than that the Perfon, who would try tp 

hit upon- it by ^hance, in making a grept JJu|nb?r of 

' Experimiihts, will be mined firft, 

(*) V/«f* ^ ^igttre^ &c.) It i«e how the principal Pkgsnomenft 

k pHrtWe that the Particiej of of it art to be W^laiftei!, in C/rf f*| 

Sluic^lvtr are ighbuhr) or cylin- FifXfith, took U. CUp. 4. Std* 

flirtcai a which if they be^ yqnt ma| 39* 
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12. Now if we confiderthat the Parts-oF Metals are »«• *^ 
very folid, we muft coi>cIude, that they wifl refift the a^* 
A£lion of Lights and coafequently i^fleft it with ite 
whole Motion ; whence it foUows, that when Met^^s 

are w^Il polifh^d^ they ought rather to appear bright 
than coloured.. 

13. However, Gold and Copper appear each of tbejn 13. WT^r 
to be of a peculiar Colour, thfp one lookii^ ydlow ^d ^^^^^ 
the other red, ^ut this may proceed from hence, that ofS^eculi^ 
the component Parts, which confift of original inet^^ C»Aw* 
lick particles aflociated together, (i) ai^e bi^er than 

the compon^stnt Parts of other A^etab^ and that the In^ 
^erftices which are left between them, make a confide^ 
rable Alteration in the Reflexion of the Light. Andinr . 
deed if thqre be as much Pains taken to burniih GiMf 
^s is taken to burnifh Silver ; tihat is, if the Parts of the 
Gold which ftick up highdft, be fo ground down by 
what Artifts call a Blood-Jbne^ and be made as tevd as 
can be with the r«ft ; and the Go]d be then looked upon 
with a Microfcq)e ; it will appear very rugged ?uid un- 
even^ and like a great Nuixiher of littie Mountains ranged 
on each Side with their Valleys betwixt thpm ; the Situ- 
^ion of which is fucb, that if the Light be refleAed 
from the Tops of them to any particular Place where the 
Eye is, th^re wilf be none refiefisd to it from any other 
Parts of their fmall Superficies. 

14. This {2) Interruption which there b between the i4- ^ 
Parts of Gold, is the Reafon why it will very ft^jfffj'''^ 
permit the Edges of Tools to enter into it, and conijs- 
quently, ^hy it is jeafier cut than other Meials, 

15. It may without doubt be conceived, that Mettds i5« ^^*« 
piay have all thde Properjtiesi which we have mentiooed, ^Jf*^'^^ 
and yet their component Parts not be made up of thofe'W^f/* /# 
Particlps which we have faid they are made upof : But ^onfimidif 
then it \& not fo eafy to account for die Experiments of ^^^!f .. ^ 
Chymifts, who by Jhe Refolujion of Metals, can draw 
Salt and Sulphur out of them : So that the Operations of 
Chyniifi§ help to coniinn what we have advanced. 

{t\ Ar$ higgtr than the fimj^* Jtec.) Abd mates it to ke diflblfcd 

mnt Parti, Sec) See the Notes' nt by Affts Regia, which will not 

f;ba^ XX|i. Jirp. i%, rf the J!r^ diflolve SiWer. See the I^»te» on 

i*«'^« pA*/. u. farf. 1. jirt, 17, *«<(' 

(2} Intfmtftiw Vfpifh tberf U^ x^ 

|6. But 



156 ROHAULT's System Piirt III. 

16, m>f 16. But however this be, we cannot but think that 
^uOiL^'^' the component Parts of Metals are long ; otherwife we ' 
cannot underftand how Metals (hould be fo du6):ile as 
they are, whether they be (i) forged upon an Anvil, or 
drawn through a wire-drawihg Iron ; whereas, if we 
fuppofe them to be fomewhat long, it is eafy to conceive, 
that when they are preffed on one Side, they will flip fide- 
ways of each other without quite feparating. 
f7,Hl>f* ^7* Further, it is not poffible to conceive, that when 
Metah tbsf a Piece of Metal is continually prefled upon one Way 
have been ^ Parts of it fhould be able to lye crofs ; on the contrary, 
hT^dertu we cannot but think, that they muft neceflfarily fo order 
hrtak themfdves as to place themfelves by each other's Side, 
^s ^^ correfpond Length-ways to the Length of the whole 

Piece, which will make it ieafier to bend that Way 
than any other 5 And this agrees with Experience : for 
Metals which are beaten into Rods upon an Anvil, or 
drawn into Wire through a Wire-Iron, are very ftrong 
length-ways, but Breadth-ways they are many Times 
eafier to break than Workmei\ would have them. And 
we obferve Strings in them, as in the Slip of an Ozier. 
^S. 7tit 18. Thefe Strings ought not to be in Metal that is 

froferty caft and has not been forged : And fo we find that caft 

*he^n Metal ^^^ ^^ ^ ^^7 ^^ break one Way as another. 

that it not : 19. Stcel, which is nothing elfe but fine Iron, is ca- 

jorgeJ. pable of being made the hardeft of all Metals : The Way 

sVeiiiTem' ^^ tndking it fo is this 5 only to heat it red-hot in the Fire, 

fered, ' and then throw it all at once into Cold Water ; and this 

manner of hardening is what they call tempering it, and 

this makes it capable of cutting or at leaft of breaking all 

Sorts of Bodies Without Exception, even Diamonds 

themfelves : For it is certain they will break in Pieces 

with a fmall Stroke with a Hammer if it hits right. 

«o. fnf 20i In order to account for this Efieft ( which per- 

umpertd haps is One of the moft admirable, and doubtlefs one of 

^hti^r ' ^ ^^^ ufeful Properties that we know ) we muft fup* 

ppfe that the Heat of the Fire, which makes the Steel 

* almoft ready to melt, puts the fmall Particles, which 

each component Part is made up of, into Motion, and 

thereby caufes the Particles of the two neareft compo- 

(1) Forged upon an Anyil^ &c.) '* Inches Breadth each Way." P//<i. 

**. An Ounce cf whkh (v/as. Gctdy) Book 33. Chap. 3. But coDcerniog 

** is fpread into feven' hundred^ the Du^ileirefa ot Gold. Sec Chap* 

** fifi/ Leaves and abvve^ of four 9» Fart I, Artt 10 andiu 

• - • nent 
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nent Parts, ( whofe Diftance from each other was very 
fmail, though far enough) to approach a little nearer one 
another, fo that the Metal becomes more uniform rfian 
it was before ; after this, being caft on a fudden into the 
cold Water, the metallick Parts (i) Iqfe the Motion they 
were in, before they have Time to gather together a- 
gain into grofs component Parts, with confiderablc Inter- 
vals between them : Whence it follows, that the Points 
or Edges of Gravers and the Teeth of Fileis can only flip 
over them without entring into them. 

21. And in order to reduce tempered Steel to the n, ffow 
State it was in before, we need only heat it red-hot again ^»wr«tf^ 
in the Fire, and let it cool gradually ; for then the Parts 'aardn^ll 
which were uniformly joined together, will have Oppor- 
tunity of reuniting in a great many little Mafle? or Grains, 
and leaving as large Intervals between, as there was be- 
fore the Steel was tempered. 

22. Iron is capable of being hardened alnioft as much »*•. ^/'*«- 
^ Steel, provided it ccmtinues in tlie Fire longer than ^J^w^ji'^'' 
Steel, before it be put into cold Water ; and the Reafon other mtah 
why it muft continue longer, is, becaufe its Parts are '*""'''' ^ 
more fixed ; and of this we have a fufficient Proof, be- *^^ ' 
caufe Iron is harder to melt than Steel. But other Me- 
tals cannot be tempered in this Manner, at l^aft by them- 
felves without any Mixture, becaufe a violent Heat, can- 
not put their Parts a little m Motion, fo as to range 
them difierently, without quite melting them. 

23. We find that a Compofition of Copper and Tin »3: ^^ * 
18 very hard and brittle, though each of thefe Metals fe- ^^.lY^lcL 
parately is eafy to cut, and will eafily bend without break- Metahmay 
ing ; the Reafon of which is, becaufe their different Parts ^^^'^^ ^^^^^ 
being uniformly mixed together, unite in very fmall Maf- , 
fcs or Grains ; whence it follows that they cannot be i^:^ ^ 
dofely conncfted together, in the fame manner as a Wall 
built with fmall rough Stone is not fo compaft as one 
built with large cut Stone : And for the fame Reafon, the 
Interftices left betwixt them, are not large enough for 
the Edges of Tools to enter into j fo that they can only ^ 
flip over them, without loofening any of the Parts. 

24. We obferve alfo, that Metals are very fubjeft to «4. *n,at 
Ruft } Now Ruft is nothing elfe but a Diforder of their ^«^ " «»- 
Parts, caufed by the Aftion of fome fttong Liquor, ^tj2f4m**' 
which is in- great Agitation, the Parts of which get into the Ord» of 
the Pores of the little Mafles, like fo many Wedges 5 '*« ««'W/«A 

(i] £0/4 tbi MfitioMp &€.] See HooVs Micrography, Ohfsrv, 9. 

And 



Atid hecai|(e thefe Pores arefmallerm Iron and Steel 

when they are tempered than when they are not. and 

for that Reafon it is then more difficult for other Bodies 

to enter ^ we likewiie conclude, that they are not fo 

{ubjoSt to Ruft. 

•^K*** 25, It i* to be obferved alfo, that the rufty Particles of 

MitiMi, srt Metals are not entirely corrupted. For thofe which com» 

meimhuayt off of Copper, foT Inftance, which w© call Ferdigreaji^ 

7!^dh' '"^y afterwards be converted into Cc^pei* again, 

M^|^. 26. That Verdegreafe which is made oi Brais$ £houl4 

*£• ''Wy afterwards be' convert^ into Copper and not into Brafs, 

CMers!^ is no Way inconfiftent with what has been faid ; FoP 

£r»ft it $b$ Brais is not a real Metal, but only a Compofition of Cop^ 

A*^ per, and a certain fufde Stone caUed Lapis Calaminaris^ 

mixed together in the Fire. And it is probable, that th^ 

Virdegrtajk is made only of the Parts of the Copper and 

not of thofe of the LapU Cakminaris^ which is mixed 

with it. 

^^ 27. I fhall finifli what I prop(4ed to fay concerning: 

Mamm9f Metals with an Explication of the. ArtiJSce made ufe of 

^^j^^^2^ by the Spaniards in Peru^ and other Parts of America^ t^f 

und&iboir. f^^jg ^j^ Qoli ^d Silver, from the Dirt and Stone*. 

which thefe Metals are found mixed with. Firft, they 
beat to a Powder in Mortars, the hard Stones whidi they 
dig. out of the Mines \ then they pour in as much clear 
llVater as is fufficient to make a very foft Pafte, which 
they fprinkle with a little Salt and Qyickiilver, and tha^ 
they beat them up together for a confiderable Time. . Af- 
ter this, they wafli the Mixture in feveral Waters, which 
f^rate all that is not Metal from them, and the Gold 
or Silver appears at laft like an Amalgama^ as the Chy* 
mifts call it, with Mercury^ which is afterwards made 
to evaporate with a moderate Heat: And then the Me- 
tals become like Afhes, which tliey turn into Ingots, by 
. melting them in a Crucible in a very fierce Fire. 
aS. ibe 28. .This Method of refining Gold and Silver, is very 

^b-'^MfbA ^^y ^^ apprehend ; For it is eyident^, that the whole Sc^ 
* " ' " ' cret is nothing dfe but to bregk the finall Inclofures, m 
which the Particles of the Metals are contained ; and the 
Water and Salt dp the fame Office here, as the Water 
alone does, when dry Plants, out of which we would 
draw Oylj aie fteeped in it. And as to the ^kkfihery 
it ferves to unite and gather together agi*eat many Parts of 
thefe Metals, which would otherwiie he in Danger ^ 
funning off with the Water, as they are viraihed. 

2 CHAP. 
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CHAP. vn. 

Of MINERjILS. 

THERE are a great many more. Things which need »• ^*^ 
tOr bp explained in Minerak than in Metals, and '**^' *'* * 



there are. alio a ' mujch greater Number of them. For 'wciH$f9 mig9 

leckon but feven Metals, whereas there are an Innume- '' fc«**!/f- 
rafale Qi^antity of Minerals ; I (h^l here fp«k only ^.^^^ ' 
wkt feems to me moft probable with Regard to theAfiMr^ik^ 
Nature of thofe which are moft common. thMmith 

2. Tiough (i) thofe Places in the Earth where MeUk^^.!* 
ve formed are very much prefled u]pon by the Weight «. How 
of all tbcj terreftrial Matter which is betwixt tWe^''^j*'*/ 
Places and the Surface of it, yet thofe Parts which ^^f^wS^ 
n^ the Surface are fo little prefled upon, that they 
are feparated from one another by an infinite Number 
of Chops and Chinks, which are open every Way, and 
which give a free PaiTage to Vapours and Exhalations,* 
and to a great many other Paits^ of Matter which are 
pit in Agitation, by the Heat which is in the BoWels 
of the Earth : And becaufe it is the Property of Exhti* 
tons to mix themfelves very eafdy with thofe very fine 
tencftrial Particles, which they themfelves loofenj they 
OHifi compofe a great many little Heaps, the Parts of 
which,^ after having been differently agiuted an^ongft 
each other, will agree to move all the fame Way at laft> 
which will caufe them to be at reft with refpedl to one. 
another. After this, the Body which is thus compofed^. 



{^),The!e Plaett in tbg Farfb 
yhere Meu/i are formed ^ &c.) There 
ttaverjr remarkable Paffage in Va- 
^»* whkb Aoyn us the ioward 
^^o^mtJAQ of th^ Barth for a con- 
«4tt»ble Depth, which becaufe it is 
Jtty will worth ObfervatioQ I fhall 
•Sfc tranfcribe. • Upon digging the 
^'fiifkhmc time ago at ^mfter- 

* ^««, two hundred and thirty two 

• Toot deep, in order to make ' a 

* Well, the foUowing Sorts of Earth 
*were obferved : Garden- Mould 
' feren Foot j black Earth fit to 

• bum, which theycaJl Turf (tho* 
'it is not the true Turf) nine 
' foot i foft White Cay nine Foot % 



* Saod eight Foot ; £urth ftvr Foot ; 
' Sand, upon which the Houles at 

< Am/hrdam are built on Piles, tea 

< Foot; Clay two Foot, white Ora-*. 

< vel four Foot \ dry Earth fire 

* Foot ; muddy Earth one Foot $ 
' Sand fourteen Foot ; Tandy Clay 

< three Foot; Sand mixed with Clay 

< five Foot ; Sand mixed with Sea- 

< Shells four Foot ; after that a Clay 

< Ground to the Depth of a hon« 
« dred and two Foot together ; an4 

< at la ft Gravel for thirty one Foot 

* more where the Digging ended.* 
Parenius Oeografby^ Book 1. Prop* 

7« 
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having a Force fufficient to put the Matter which fur- 
rounds it in Agitation, will by Degrees transfer all its 
Motion to this Matter, and at laft be at Reft, being 
formed into a Figure very nearly round. And this, in 
my Opinion, is the Method in which a Grain of Sand 
is formed, and in the fame Manner innumerable Grains 
may alfo be formed. 
3»7i* 3. Thefe Grains are heavy, becauie they are com- 

Propertie* pofed of tcrrcftrial Matter, and they are hard, becaufe 
^^w? without Motion: They muft [be tranfparent, becauie 
the frtiall Globules of the fecond Element, by which 
they were agitated at firft, keep open th^ Pores for 
themfelves to pafs through : However, thefe Pores are 
not fo many, but that there are a great many folid Parts 
alfo to reflefl the Light ; and becaufe their Superficies 
are of different Roughnefs and differently uneven, this 
caufes feveral Modifications of the Rays of Light, and 
makes the Grains of Sand to appear of all thofe different 
Colours which we obferve in them. 
4. How 4. The Produftion of Clay is not at all different from 

day it pro- that <rf Sand ; only we mufl add, that the Particles of 
* Clay are valHy fmaller, fo as to leave very little Inter- 

ftices between them, by which Means it is very difficult 
for Water to penetrate them. 
g. The S« Becaufe the Parts that are brought up out of the 

Meafonoftbe Earth are not at all exaftly alike, nor every where in the 
^SanTand ^*"^® Quantity ; and becaufe alfo the Vapours and Exha- 
Ciaj^ lations which bring them up, are not the fame every 

where : it evidently follows , that the Grains of Sand 
and Clay, cannot be of the fame Bignefs and Quality 
every where. \ 

6. TFhy a 6. Though every fingle Grain of Sand be tranfparent, 
tl^partt y^^ ^ S^^^ Number of them together compofe an o- 
Gratnt com- pakc Body : For the Light in pafHng through them go- 
p9fean opake ijng fevcral Times out of Air into Sand, and out of Sand 
^^^' into Air alternatively ; every Superficies refle6b fome of 

the Rays continually, fo that at lafl, there is none left 
to go on that Way which they at firft tended. 

7. Vow 7- Now if the Matter of which a fingle Grain of 
FUntf, Cry Sand is made, meets together in fo great a Quantity as 
'^Dif^lui ^^ compofe a Mafs of any confiderable Bignefs, this Mafs 
argpro^ will be tranfparent, and according to the Degree of Hard- 
du€ed. nefs which it has, and the particular Rangement of its 

Parts, it will either form fome Flint-Stone, or Cryilal, 
pr Diamond. * 

8. Though 
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8. Though all thefe Bodies areVfery hard, yerthcy taiuft *• J^^- 
notwithftanding that, have i)pen origindly licjuid : And '^f^^.J^ 
that they were fo appears from hence ; that they are all of Cry^tmn 
ihem of that Figure whieh Dirops of Liquor of the fame |*^' *fM 
BjgnelsV ought to be \ and alfo from hence, that when a 
great many r ieces Of Cryftal are found tbgeth^r^ as th«r 
very often are in the Mountains of Swijferlandy and in thole 
in the Milanefey they are all of the fame Figure that little 
Balls of Pafte laid upon ohb another and prelfed together 
bv their own Weight would be : For as every Piece Of 
Uryftal, is furrounded and coxtq)relIed betwixt Kix Othets, 
fo it is fqueezed into ( i) a Body with fix Sides Very neady ^ 
•qual. 

9. It may alio happen, that ibme metallick PaVts may 9^ Hm 
mix themfelyes with the Matter of which all thefe ait ^^^^ */ 
compofed ; and if fo, this will caufe the Light to tiavfe par- I'^TZ^J^ • 
ticukr Mpdific^ions given to it, as it (alls upon or p^itbs "^'WM'k 
through them, and then the Rays may excite the Senfa* 

tion of different Colours in us : Wnerefore irtfte^d cf 
Cryftal, Fiints,' and Diamonds, we may have lEm-alds^ 
4iatSj jy>azesy Rubies^ Safhirs and fucb like Jewels. 

10. What is here faid concerning the Formation of l^* ^P*^' 
thefe Sorts rf Bodies, may be confirmed from henCe, ^Sm'tn 
that Art, which imitates Nature, caiiilot make G]a(s^'<«Atf 
or artificial Cryftal, without a large Quantity either of J^'J^ 

* Sand or Flint diffolved by a violent Heat, the melting dmaim \f 
of which is promoted by the Aflies of Kaliy or Fim.y and 7«w«^«» 
fuch like Plants which contain a good deal 6i Salt in 
them. And Enamel, which refembles precious Stones, 
cannot be made without adding a little Metal to the 
Matter of which it is compofed, which would otherwife 
VeonlyGlafs. 

II. But it is to be obferved ; that in Order for Ciyfial »t. That 
and fuch like tranfparent Stones to be formed and gene- ^^^''''J* 
lated in the Bowels of the Earth, they muft not firft be Grailtrf 
Wdened into Grains of Sand : For though fuch (trains SaudafyMif^ 
might afterwards be foftened in the Bowels of the''*'***'* 
Earth, they could never unite together again, without € 

Ipaving fpme Interftices between them which would 
binder them from being tranfparent. 



' (ij A B^ wkb fix Sidti tfetj ** tre £> perfeAly Anootb, at not t» 

9t^tf tpdt, &c.) « It 18 net ca^ '^ Iw imiuted by aby Art #haf(b^ 

*< to find out ftReaTon why it is ge. << ever.** Pliny 37. %, But for the 

*' o«iit«d with'&nncHiar Sldcs^ aod R^fon of this^ S^e the Nctn m 

*' the rather becaafe the Points are Fart I. Chap, xik* Art. aa» 

^ of difibeoc S3rts, ftad tht^ Stdca > 

Vol. XL L *2. It 
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12. It is not eafy to underftand how Grains of Siind 
(hould be foftened, but they may eafilv be joined to each 
other by fomc tcrreftrial Matter whicn gets into the In- 
terftices that are betwixt them, and (o compofe a Flint-' 
Stone. 

There is no doubt but that in fevcral Parts of the 
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Earthy terreftrial Matter is carried up along with the Va- 
pours : For we fee that the Waters of a great many 
Fountains, though they are very clear, (i) yet contain fuch 
a Quantity of thefe Exhalations, that in Time they ga- 
ther tc^ether into a large Heap. Thus the Waters of 
the Fountains of Ijft and Ar cutely contain fo gr^t a 
Quantity of them, that they ftick to the concave Super- 
ficies of the Pipes through which they run, and form a 
Sort of Stone very hard and heavy. 

14. When the Parts of Clay are thus faftened too- 
ther by the Matter which ftops in and fills the Inteirfti- 
ces, they ^ompofe Stones^ which have different Qualities 
according to the particular Nature of the Clays which are 
found in different Countries j and that of the Matter 
which unites them. This appears from hence, that we 
find Stones in Quaries, where fame Years before nothing 
was digged up but Clay. 

15. There is no Difference between the Produftion of 
Marble and of common Stone, but only this ^ that the 
Clay out of which it is made, confifls of much fmaller 
Parts, which lie a great deal clofer to each other, and 
confequently the Interflices between them, are more ea- 
fily filled by the Exhalations which flop in them ; (o that 
the Compofition is more clofe and compaA than other 
Stones. Whence it mufl be very hard and capable erf ta- 
king a good Polifh. 

16. From the Nature of Stones both precious and 
common which we have here laid down, I don't fee how 
we can deduce certain Properties which arc mentioned 
by the Writers of Natural Hiflory : As, for Infiance, 
that a Blood-flooe, worn by a Perfon who has the Bloody* 
Fluxy will flop theDiftemperj and that other Stones will 
cure other Diflempers. And therefore we find by re- 
peated Experiments, that thefe Sorts of Properties are 
ialfely afcribed to the greatefl Part of thefe Stones. But 
it is not fo with refpedl to the Load-Jione ; for almoft all 
the Properties thereof related by the Ancients, aie 

(I) Yet tontain fucb a quantitj if tbmt *«0 See the Notes below « 
Chap* X. Art. 1^ 

found 
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i(mA to be true ; and we have moreover found more 
furprifingThings in it, than were known to the Ancients; 
but fo extraordinary a Subjeft, demands to be treated of 
by it fdf. 

CHAP. VIIL 

Of the LOA D-S TO N £. ' 

•^^ H £ is JE Stones, which are very much of the Colour » . ^^«f ^ 
•*- of Iron, but much harder and heavier, are taken out ^^^^fi^* 
of the Iron Mines; they are not all of the fame Bignefs, ^vbewgith 
nor of the fame Figure ; for they are found of all Sorts '«*<«. 
of Figures, and of different Bigneffes. The firft Effefls 
tikeh Notice of, were fo furprifmg to all the Philofophers, 
that It was impoflibre to have forefeen fuch, upon their 
Principles of Reafoning : But not to conteiid with thcni 
now, concerning the little Foundation they had to go up- 
t)n, and to fliow the Strength of what I fornierly laid 
down in the firft Part of this Treatife, I (hall do here as 
I if I were the firft that had made any ObfervaticJn about 
' theLoad-ftone. And in the firft Place I fhall reckon up 
i fome of its Properties, which I fliall content my felf, with 
ohly afligning z probable Reafon for ; and after that, I 
fcall endeavour to eftablifli the Truth of my Conjefture, 
by Ihowing that all the Confequences that can be drawn 
ftttn it, agree with Experience. 

2. The firft fiiiprifmg Thing in the Load-ftone, and*-^*'"^ 
which perhaps was firft found out by Chance, is, that If attraff!' 
it be placed at i certain Diftance fronl a Piece of Iron, Iron. 
the Iron will move out of its Place, and go and join it 
felf to the Load-ftone, and that fo ftrongly, that it will re- 
quire fome Forcfe to feparate them from each other again. 
And thus it is faid, that the Load-ftone draws Iron. 

3.. Now in ofder tb fee if this AttraSion be Reel- ^ ^^^' ' 
ocal, we muft contrive that the Stone miy be eafily t^^^a^ 
lOved, which is doiie. by putting it on any light Thing/w* ai^t. 

the Shape of ^ a Boat, ind then letting it fwim on the 

atef. After that, if we hold a Piece of Iron at a cer- 
in Difbnce, we fliall fee the little Boat move on the 

ater, and the Load-ftone come aiid join it felf to the 

»n. ^ 

Vot. II. La 4. The 
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4.,7baitbt ^. The carefiilly making this £xperinient, has occafi- 
^^«wi ^'^^ ^^ Difcovery of another Property of the Load-ftone^ 
tcjurn its as filrprifing as any of th^e former ; and that is, that 
PoUtand its ^hcn the Load-ftone is alone in its Boat, and at Liberty 
fmrticui^ to place it felf in that Situation which is moft convenient 
SituMiion. ' fat it ; it always has a Tendency one particularWay^ and 
turns it felf towards one Part, and feems by that Means 
to afFedl one particular Situation in the World. For it 
always turns one of its Sides towards that Part of the 
Holt-izon which we call the NiHrihi add the, oppofite 
Side to the South : And thefe two Pitts of the Load- 
ftone are thofe they call its Poles^ and the ftreight Lino. 
which is fuppofed to go from .one Pole to the other is 
called its AxtSi 

5. Tixrt tbi 5. One of the moft furprifing Properties of the Load- 
Laad-fione ^q^q ygf jg that it comimunicates thofe Properties now 
in Proffer- mentioned to the iron which touches it, or which comes 
it«s to Iron, within fuch a Diftance of it : Infomuch that a Piece of 

Iron which has been touched by a Load-ftone, or which 
has pafTed very near it, will lift up another Piece ; and 
has alfo its Poles, which turn towards the fame Parts of 
the World that the Poles of the Load-ftone do. for 
Ihftance, a Knife which has been rubbed upon a Load* 
ftone, will take up Needles and Nails of Iron or Steel, 
and the Needles of Mariners G}mpafles will turn to- 
wards the North and South, and the Extremities of them 
will point to thofe Parts. 

6. Tbat the ' 6. Upon this Occafion, I fhall make fome Obferva- 

^7hZpZ'' *^°"^ ^^^ ^^ ^^ S^^t Importance. And the firft is, 
lr't9iiftuf>, ^^t ^ Knife rubbed upon a Load-ftone, will have more 
« larger . or Icfs Powcr to lift up Iron, according to the Part upon 
S^'f which it is rubbed ; and that it will lift up moft.of all, 
it he touched when it is rubbed upon one of the Poles, and moved up* 
iti one parti' on it Length-ways from the Handle to the Point. Thus 
€iUar man- jf ^j^^ g^^ q ^eprefents a Load-ftone, the Poles of 
Ttb. XIV. w^hich are A and B ; the Knife C D will acquire the 
FJf < 6, greateft Force of all to lift up Iron, if it be drawn along 
the Line FE, fo that the Part neareft the Handle, touch 

7. 1/ the the Load-ftone firft, and the Point touch it laft. 

Iron be of. 7, The fecond Obfervation is, that if, after it has been 
^^M^^he touched upon the Load-ftone in this manner, and acqui- 
contrary led the grcatcft Virtue to lift up Iron, it be rubbed the 
^aj,tt will contrsiry Way, that is, if it be moved upon the fzmc 
ylfJe'^' Pole of the Load-ftone, from the Point to the Handle; 
tvbicbftbad \^e ihall with furprife find^ that it wilt in a Moment kk 

•c^uired* '2 all I 
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A the Virtue, which it had acquired, and not be able tO' 
lift up anj Iron at all^ 

8. Thefe Obfervations regard the Attra^ive Virtui oi\T^'^ 
the Load-ftone, as it b called j but as to the DireSfhe Ntt4udoe» 
Kruuj that is, the Virtue by which it places it felf in a "<*' '«^« «' 
particular Situation with refpeA to the Heavens ; it is tO'^^/V^^ 
be obferved firft, that the Point 6f the Needle of a Com- HorixM^ 
pads, which ha^ been touched upon one of the Polte of a «^'^f '^^ 
Load-fione, turns to the oppofite Part of the Heavens fc^t^!^ 
which the Pole it felf turns to. Forlnftance, if oncfcrnfro. 
Cnd of the Needle touched the South-Pole of the Load- «''"''• ' 
ftuie, that End will turn to the North. 

9. We may obierve iiirther, that what has been wrote 9- '^attbat 
by fpme Perfons, viz. That the Point of the Needle 5r*«^f'^ 
which has been rubbed upon the Load-ftone and turns vtbict tumt 
towards the North, raifes itfelf up tovrards the Pole-Star, ^^*/^ 
is not true ; but on the contrary, it bends towards the ^/i^, ^/** 
Earth, as if that Side was become the heavieft. - wmrditb* 

10. The Needles in Compaffes are by no Means pro- f *'''^J^, 
per tofhow us how much this Inclination of the North- tbiS(uantit^ 
Point towards the Earth is, becaufe their Center <^rftbnlnch» 
Gravity is a great Way below the fixed Point upon which ""''•• "• 
they turn : Wherefore I caufed a Needle to be made 

veiy ftreight, and through the Middle of it I put a fmall 
Bnds-Wire at right Angles to it, which ferved to fupport 
the Needle upon two fmall Pivots^ in the fame manner as 
the Beam of a Ballance is fupport^d by the Handle ; both 
Sides were equally heavy at firft, fo that it continued ex- 
a^y in j£quilibrio, but after it was touched by a Load-r 

^ ftone and placed in the Plain of the Meridian, the Pole 
which was turned towards the North, weighed down on 

1 a fudden, and did not ftand ftill till it inclined to the Ho^ 
rizon near fcvcnty Degrees. 

11. Thefe are fo many of the Phaenomena of tht n^rbat tht 
Load-ftone, as are a fufficient Ground for us to argue ^'>?« 
upon, in order to find out what the true Nature of itT^^^jl 
is y and that there may be no Miftake, we muft take care aLoad-jhm, 
not to mix our own Prejudices, with the Fafts and Ex-r «^* '»''^- 
periments. Wherefore, to fpcak fincerely, and not to be tJiiutim** 
over-bafty in judging, we muft freely own, that all the 
Experiments which have, been made of the Load-ftone, 

and which have raifed our Admiration fo much, are no- 
thing elfe but local Motion : Thus, for Exan^ple, when 
we fay that the Load-ftone draws the Iron, we can 
difi;:over nothing eKe by our Sight, but only that the Iron 
m^yes kcalfy towards the Load-ftone ; fo likewife, when 
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we fay, that the Load-ftonc has a Tendency to one pauv 
ticular Situation in the World ; all that appears to us is, 
that when it is out of this Situation, it moves it ietf h^ 
falfy till it k got into it, and then it continues at re& 
This being granted, we may affirm with Truth and Conr 
fidence, that to fearch out whence the Properties of the 
Load-ftone proceed, is nothing elfe, but only propofing tp 
pur felves to ^nd out the Caufe of certain local Motionis 
which are made when the Iron is placed near the- Load- 
ftone, or the Load-ftone near the Iron. 
miL.Theg*^ 12. And in order hereunto, if we look hack to the 
^f^i^"""^' general Caufes of Motion, that is, if we examine what 
of otion ^Ytaxh which makes a Body which was not in Motion 
to begin to move, we ftiall find that Philofophers gene- 
rally afSgn two Caufes, viz, Impulfe and AttraSfion. Xte 
firft of thefe we can clearly conceive, and it follows 
from this Principle, acknowledged by every Seft of Phi- 
lofophers, That the Parts of Matter ar^ impenetrable by 
nach other J and that a Body cannot move towards any cer^ 
tain Place ^ njuithout pujhing forward or dijplafivg other Bo-- 
dies which are in its Way, 
%%.^batAt-^ 13. Jttra&iony tak^n in the Senfe ojf Philofophers for 
^Tbi^CauJe ^ P^J'ticular Caufe of Motion different from Impulfe,^ is 
^Motian, as was befojfe obferved, a Thing very obfeurc, or rather 
^ Thing that we have no Idea of, tor though we may 
imagine that there are fome particular Sorts of Motion 
which may very well be explained hjAttrf&ion ; yet this 
is only becaufe we carelefsly afcribe that to Attra^iony 
which is really done by Impulfe, Thus when we fay that 
a Horfe draws the Chariot to which he is hameffod, it 
4§ realjy r)o more than this ; that the Chariot is fo fatt- 
ened to a Collar, that the Horfe cannot bear forward but 
he muft prefs upon the Collar, and confequently move 
the Harnefs and Chariot which ^re fixed to it. So like- 
wife, there is no Difficulty in the ufe of Syringes, Pump$ 
andSyphpns, when wc once come to underftand, that the 
Motion of heavy Liquors upwards is really done hy 1^^ 
pulfe. 
»4. h tt 14, I do i\ot now undertake to prove th^t the -///- 

{^7*jJ;^^'/r^7.5?/(i« fpoken of by Philofophers, is a Thing purely' 
ibe Load^ chimerical ; that would parry me too far from my Subject, 1 
Mom art fro. fiut bccaufc Impulfi is a Thing very fefniliar tp us, and 
^^SubuT y^^^c^ y^^ c^ ^fily underftand ; I fhajl therefore make | 
Mmsn V^^ of Impulfe only, for the Explication which I intend ' 
to give of the Properties and Effefls of the Load-ftone. ! 
^et us imagine then tliat when th^ Iron iwpves tO: 

wards 
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wards tiie Load-ftone, or the Load-ftone towards the Iron, 
that it i9 becaufe there is fomething whieh impels thde 
Bodies towards c^ch other; and b^aufe it is very ufual 
and veiy cafy for us to conceive, that a Body which is 
in Motion can impel anotho: Body ; let us imagine, that 
that which impels the Iron towards the Load-ftone, or 
the Load-fione towards the Iron, is a third Body, or ra-^ 
ther a certain Matter which is in Motion, and which is 
very fubtle, becaule it cannot be perceived by our Senfes. 

15* Though we are at Liberty to fuppofe Aich a fub- t^^OmthU 
tic Matter as this, yet we are not at Liberty to afcribc ^^^'^ »'« 
what fort of Motion we plcafe to it. The particular Si- "^'* 
tuition which Load-ftones or Needles rubbed on Load<- 
ftonestake, (they always turning to the North or South,) 
forces us to acknowledge that this Matter either moves 
fix>m North to South, or from South to North, or per- 
h^ both Ways. Further, the Inclination of the Nee* 
die after it is touched by the Load-ftone, whereby it 
tends towards the Earth on the North-Side, muft make 
us think, that the Matter which moves from North to 
South, moves upwards, and that the Matter which moves ' 
from South to North, moves downwards. 

16. All this might pafs only for ConjeAure, if wehad tS* fntt 
not /elfewhere fhown, that there muft neceflarily be fomc t^'*^^^^ 
Maitcr which has thefe Properties. For if we call to "* 
Mind that Matter which we formerly faid defcended 
from the Heavens, out of thofe Parts which are near 
the Poles of the Earth's Vortex in the Form of a great 
many little Screws, which enter into the Body of the 
Earth through the Pores which are parallel to its Axis, 
we fliall have Reafon to think that this Matter is capa- 
ble of producing thefe Effefts : For thofe of thefe little 
Screyrs which are entered in through the-Northem He- 
mifphere, when they come out into the oppofite Hemif- 
phere, cannot but do one of thefe three Things ; viz. ei- 
ther they muft continue to move ftreight on intp the 
Heavens, or they muft return back immediately into the 
Earth, or elfe they muft go round about its Superficies 
in the Plains of diiterent Meridians, and fo mixing with 
the coeleftial Matter enter again into the fame Pores 
which they before paffed through. Now the firft of 
thefe is impoilible, becaufe the Interftices which are be-> 
tween the Globules of the fecond Element that is in thefe 
Places, are already filled with the fame fort •f Matter, 
which has a perpetual Tendency to defcend towards 
the ]^iuth, 3o likewife it is impoffible, that thefe fmaU 
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ScmvB flyMM mtumbafiJ^ ag^into the Earth, either 

thio»gh ^ fame Pores whicbrth^ came out at^ bjr go- 

iiq; tibe dire£t oontrary. Way.ta what the^ went bdEoie ; 

becw^ thefe Poses aie always full; of the iaoie fort of 

Snews^ which have a^ perpetual Tendency tp- go out % 

Ofithfou^ the Pores into which thofe Pamcles^ wJhich 

jeiia^ immediatBly &om the Heavens enter, becmu/c 

tbefe kft fort of Screws being turned the contrary Way 

to.the other, require Pores, the Nuts of which are^ for-^ 

isediq^te different) fo that what will pais through- the 

one will iipt pais through the other. We niuil concludo 

therefore,, that this Matter continues to move along the 

Surface of the Earth, in tho Plains of all the Meridians 

in order. to.ri&-enter into the fame Places which it entered* 

i» at before. 

^j. That tin . jy. What has been faid of the Matter which enters 

jJJ^'** ^ into the Earth out of the Northern Hemifphere, ought 

mnMtinfbe equally to. be underftood c^ that Matter which enters into. 

p*"**/* it out of the Southern Hemifphere. But it is to be 

S^'tttt \u obferved, that when I fpcak of the Surface of the Earth 

jMm manner upon which tbis Matter continually moves, I ^ean that 

^l^JUr '" ^^ ^^^ Intermr Earth 5 For I not only place the Air above 

this Surface, but alfo a confxdeiable Thicknefs of that out^ 

ward Earth upo|i which we dwell, which is as it were a 

Cruft or ^rk, which contains in it the inward Earth : 

So that the Matter which we are fpeaking of, and which 

wie ihall hereafter call the magnetic^ Matter, mov^ 

within this exteriour Earth, in the fame manner as it 

docs in the Air, and in both of them it moves the con-* 

tpuy Way .to what it does in the internal Earth* 

^*Uad ^^^ TKis being fuppofed, we may imagine the parti- 

j^%neinfar, cular Form of thS Load-flone to confift herein ; that 

tttniar* there are an > innumerable Multitude of Pores made in this 

Stone which are parallel to each other, fome of which are 

©f the Shape of the Nuts of Screws which let the fmall 

Screws that come from the North-Pole enter in, and o- 

thers of the Shape of fuch* Nuts as will let thofe little 

Screws which defcend from the Scmth-Pole pais through 

them. 

$,Ofthe J9, As to the Iron or Steel ; we can eafily conceive 

^"^'""f that they have alfo both thefe Sorts of Pores, but dAt 

they are commonly flopped by the fineft Parts of the 

Metal which ftick up in them like fo many little Hairs ; fo' 

that we may call Iron an imperfeA Load>ilone, and affirm 

them to be. both the fame fort of Bodies. Which is conr 

£rmed. by what was, before faid, that Load-ftones are 

found 



foond in the Iron Mines^ and that tbcf m^y be conyect^. 
ed into a very fine Steel by the Help of fire. 

20. The only Difference that I need take Notice of ^^ ^j^ 
faete* between Iron and a Load-flone» istlvU Iron is very Dij^hm 
pliable, and that its Parts^can be bent backwards and for- ^JJ^TrfS 
wards leveral Times tpgether before it will brqak^ where- ^m' 

98y the Loadftone, is, very ftiiF, and its Parts will not, 
bold without breaking. 

21. The few Suppoiitions which I baye madein ordes %t. wtyfU 
to explain the Nature; of Iron and of t|ie I^oad-ftone^^M^-^Mf 
;« nothing compared with the- great Number of P»* l'|!Irt»Vi^7' 
perties, which I am going to deduce from tfaem» andp^rr nifit 
which are exaAly confirmed by Experience. The flrft Biomm. 
that oflers itielf^ is the Situation c^ the Load-flone iN 

felf and of Needles touched by it, which &> order theow 
Jelves, that one of their Poles looks towards the Nortby 
and bends on tbat Side towards the Earth, and the other 
looks towards the South, and raifes itfelf up^ to the Hea^ 
vens. And this muft neceilarily be 5 becauie if the Lpad^ 
fione be in any other Situation, the Magnetick Matter 
will in vain ftrike againfl its Superficies, and not be able 
toeneer in, and fo will caufe it to alter. its Situation till 
the Length of its Pores coincide with the Lines defcribedi 
by the. magnetick Matter, After which it is monifeft, 
that it muft continue in this Situation, becaufe it no loi^ 
ger makes any Refiftance to the Motion of the Msf^ner 
tick Matter. • ^ 

22. Npw becaufe the Inclination of the Linedeicri*'2s«7Wffi» 
bed hy the magnetick Matter, is difterent in different ^^^'^ 
Places of the Earth's Superficies, fo that the xwarer we ait t^ tb« 

to the EquinoAial Line, the nearer it is to being parallel /«"* Situm* 
to this Superficies 5 and to thofe who are under this 'aUSinbr 
Line it is exadUy parallel to their Horizon* and to thofe 
who live in the Southern Parts of the Earth, it inclines 
the contrary Way to what it does in the Northern Parts ; 
it follows,^ that the Load-ftone or the Needle touched by 
it, ought not to have the fame Inclination every where i 
but that whereas the End of the Needle which points 
towards the North, inclines to the Hori2X>n about* feventy 
Degrees at Paris \ this Inclination ought to be found u> 
much kfs as. the Places where the Observation is made, 
are nearer to the Equator ; That under the Equator 
there ought to be no Inclination at all, and that be^ 
yond the Equator tbat End which points towards the 
South ought to incline towards the Earth. All which 
have been confirmed by an infinite Number of Experi^ 
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Oients made by a gicat many Pilots, who never dreamt 
pf philofophizing about the Nature of this Stone. For 
when they had fo ordered the Paft-boards of their Com- 
pafles in which the Needles are inclofed, that they might 
bang in equilibrio upon their Pivots, before they were 
touched upon the Load-fione ; and when they had put 
pieee9 of Wax upon thofe Ends of the Pafte-boards 
which looked towards the South, to hinder the Needles 
from inclining after they were touched ; in order to pre- 
itrrt this Equilibrium, they have been forced to take off 
thefe pieces of Wax by Degrees asthey drew nearer to the 
equino£Ual Line, and to put them on the other Side of 
the Pafle-board as they went Southward of the Line. 
All which is a certain Sign, that without this Wax, the 
Needle would have had all thofe difierent Inclinations, 
which we have mentioned above. 

23. It is evident that the magnetick Needle (whatever 
be (tone to it to make it parallel to the Horizon where 
we are ) therefore points to the North and South, be- 
caufe the magnetick Matter which comes out of the 
Earth moves* from the North to the South z% the fame 
Ti^ that it afcends upwards ; an4 b^ufb this Matter 
is tunijed out of its Way lefs, when i|^ (inters into an ho- 
rizontal Needle fituate Ih the Plain of the Meridian, than 
if the fimie Needle wcif \x\ the Plain of any other yfe/- 
mutb ; And henee it fellows, that if a Compafs be car- 
ried very near to either of the Ppl^ of the Earth, the 
Needle will turn it fpjf indifferently to any Part of the 
Heavens, becaufe in thefe Places the magnetick Matter 
moving in Lines perpendicular to the Surface of the Earth, 
it will not turn it felf to enter into an horizontal 
Needle any more when it points toward the North, than 
when it points towards any other Part of the Heavens, 
And this was found true by certain Dutch Pilots, who at- 
tempted to find a North Paffage into the Eafi-Indies j for 
when they came pretty near the Pole, their CompafTes 
were of no ufe to them, bccaufe the Needle turned to 
all Parts of the Heavens indifferently. 

24. Having thus fpoken of the Load^flone and of 
magnetick Needles with rcfpeft to the Earth, let us now 
compare two Load-floiies together, and fee what ought 
to happen when they are placed by each other in diffe- 
rent Manners. And firfl, let us fuppofe a Load-flone as 
C,^ fwimming upon the Water in a little Boat, in which 
it is fo fituated, that its Axis is perpendicular to the Ho- 
rizon, and the Pgle a^ whi^h at o^t Tjm^ turns it felf 
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towards the North, is turned towards the Earth, and it^ 
oppoflter Pole b, towards the Heavens ; then let us fup* ^ 

pofe another Load-ftone as D, whofe Pole B is that which - \ 

commonly turns towards the South, be prefented to the 
P<rie b of the former Load-ftone. This being done, wfe 
muftconfider, that themagnetick Matter, which enters 
in at A, and comes out at B, may alfo enter in at a, and 
come out at B, but cannot enter in at b, and come out at 
a; becaufe the magnetick Matter which comes out of 
the Earth perpetually, and moves from a, to b, always 
hinders it ; and becaufe there are certain Particles in the 
Pores of every Load-ftone which like fo many fmall . 
Hairs are placed in fuch a manner as freely to open a 
Pafis^e for the magnetick Matt^ when it moves one . . 
Way 5 but to rife up and flop the Pores, if the magne- 
tick Matter attempts to move the contrary Way. For 
the fame Reafon we ought to conclude, that the magne- 
tick Matter which comes out of the Pole B of one Load* 
ftone, cannot enter into the Pole b of the other Load'* 
ftone. So that the Motion and Effort made by the Mat« 
ter which comes out of thefe Stones, tends to make them 
pufh and drive away each the other, fo that that which 
is at Liberty in the Water, runs awiay, as if they were 
at Enmity with one another. 

25 . Let us fuppofe ag^in, that the Load-ftone C fwims * $• *w «* 
upon the Water as before, and whereas the Pole B was ^r^^ 
then prefented to the Pole b, let the Pole A be now dmt mo. 
prefentpd to the Pole b, fo that the North-Pol^ of one '^«'>« 
Stone may be ag^unift the South-Pole of the other. This 
being done, we are afTured in the firft Place, that the 
magnetick Matter which comes out at A being able to 
enter in at b, and that which conies out at b being able to 
enter in at A, there can l^ no Reafon why thefe two 
Stones fhpuld remove from each other. On the contra- 
ry. If we confider that the magnetick Matter, which 
pafles reciprocally out pf one of thefe Stones into the o-^ 
ther, is continually driying away the Air which is be- 
twixt them, and which crofTes its PafTage, in order to 
make Way for it felf to move more freely j and becauie 
the World is full, this Air having no where to retire but 
behind the Stones, where by preffing upon them it makes 
them draw nearer each other, that the magnetick Matter 
(nay move with the greater Efife : Hence we may eafi- 
ly forefee, that that Stonp which is at Liberty, muft be 
impelled towards the other, by the Air v^hich is driven 
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out of its Piace^ fi> that it will feem to be dxawn hy 

%o. Since we acknowledge that the intemal Earth has 
exai^y the fame Pores as tbofe from which the Nature 
of the lyoad-flone arifes, we may affirm with odiers that 
the Earth is a grtat Loadjiom, Wherefore, if we conii* 
der that it is the South^oH in one Load-ftone, which 
turns it &]f to the North^^ol^ in the other Load-ftone, 
aiiid fhe ^^^^Pole which turns it felf to the &»/i&-Pole ; 
we midt allow, that in the Load^ftone, it is the Scutb^. 
I'de which looks towards the Nerth^ and the North-Vol^ 
which looks towards the South. 

Vim For the fame Reafon that one Load*flone moves 
towards another, Iron when it is at a due Diftance oi^ht 
to approach towards a Load^ftone ; if the Wei^t be not 
fpo, great, or if it be not hindred by fome other Caufe^ 
^or Iron being it felf an imperfect Load-ftone, it be^ 
cpiiies as it were a perfe£l Load-ftone, when it is within 
t|ie Sphere of Adlivity of one of thefe Stones ; becauie 
the magnetick Matter which comes from thence, opens 
the Pores pf the Iron, and then it refembles a Load-ftone* 
^ind what we have now faid of Iron with Refpeft to x!t^ 
I^oad-iiU^, holds the fame concerning the Load-ftone 
with Itefpeft to the Iron, fo that either of them that is 
^ Liberty muft move towards the other. 
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. (t) The learned Mr* h* Clerc 

JropAfe* t veiy great Difficulty here* 
^byf. Book il. Chap, 6. Seff, $> 
Becaufe a JjoaA'^onc coofifts of 
tke jsoft Iblid Matter that is, 
there is no doubt but that tl^ere 
are a great m^ny more folid Parts 
than there aie Pores- in it. Where • 
lore when two Loaddones are 
pUced near each other, the mag- 
netick Matter which comes out of 
one,, and fbikes agaijift the other, 
finding more folid Parts than Pores, 
ought to move them from rach 
other. For the Force of that Mat- 
ter which daAea ag4iafi the folid 
.Stone, with fo much Vehemence, 
and in fo great a Quantity, is 
greater than that of the Air caq 
be» which i( moyesout of its Piace, 
and driveff to the external, Poles of 
the Load-ftone , efptciaUy if we 
cmiiider that the Air abou^>ds with 
fomaoy Poiea« as wili aiibrdthia. 



< Matter a free Paflsge through it*. 
Thus far He. But firA, if one of 
thr Load-ftones be never fo foifd a 
Body, the other is a« folid, and there* 
fore there are Pores enough in dit 
latter/ to receive all the Matter that 
can come out of the pores of the for^ 
mer . Secondly, • if the Pores of two 
Load-^nes do not all of them an<f 
fwer to each other, yet fome of then^ 
certainjy do, and therefore part of 
the Matter which comes out of ene 
Stone wtU enter into the Pores of 
the orher, and the teft of the Mat*^ 
ter will be very' far fromherng able to 
remove them frooa each other. ' EA 
pecially, when, 'thirdly, it has re- 
moved the Matter ^e^w'een them oy.t 
of the Way j and theiefbre the Mat- 
ter which is beh nd tl^e Lp d-fyaeet,, 
muA imprl ihena towards eaclibtheri 
Though perhaps there is a real At- 
tra^ion between them. Ste the JNota 
on Fart U Chaf, il< An,i%» 
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28. If any one doubts whether the Load-flone !»»••• 'Y''** 
any Communication with the Iron, though it does not ^t^^ 
immediately touch it, he may eafily be ^tisfied in this/Mi« Alttrtt^ 
Particular by Experience. For if he takes but the Noedle^^* '* '** 
of a Mariner's Compafs, for biftance, (which b convmed ^(^ ttuchini' 
into a perfect Load-ftone, by having been drawn over*/, 
the Pole of a Load-ftone one particular Way,) and draws, 
it the contrary W^ over the fiime Pok, or the fame Way 
over the contrary Pole, not touching the Stone, but hold'* 
ing it at an InchDiftance, he will fee the Needle turn the 
quite contrary Way to what it did befoxe, and its Smthr 
role will become its jV<?rtA-PoIe» 

29. It is eafy for any one, who underftands how the 29* Um m ' 
Load-ftone draws Iron, to fee how a Knife rubbed up-J^'^'Y^'''*' 
on a Load-ftone lifts up Nails and Needles, Neither i"2^A/5«L' 
will it appear at all ftrange to fuch an one, that when the'^«w« m- 
fame Knife is drawn quick over the Pole of the Load- ^^ ^'^1^ 
ftone the contrary Way to that it pailed before, it com- wfy /r hjtt 
monly lofes its Vertue of drawing or lifting up Iron. For "» ^n^tm 
we know that the Knife became a perfeA Load-ftone only ^'^^'** 
by paf&ng at firft over the Pole of the Load-ftone, when ir#^' 
the magnetick Matter opened its Pores, andbent down the. ' 
metallick Parts which ftuck in them, one particular Way ; 
wherefore it is eafy to imagine that it muft lofe thb 
Quality of a perfe£l Load-ftone, by paffing over that Pole 
the contrary Way, becaufe tKe magnetick Matter does, 
the contrary to what it did before, and raifes up thofe iqq- 
taliick Parts which it depreiTed. 

3P. And this will appear to the Eye to be fo,- if any^***/^**'- 
one has the Curiofity to make or to fee the Experiment. aJ^I^'* 
•For, if we put fome Filings of Iron or Steel upon a Piec© AiierMi»n 
of Paper, and move a Load-ftone over t^lem, we fhall fee?'*'^* '*' 
the Filings place themfelves one upon another, and be- mskesm'tbi. 
come like fo many little Hairs bending all one Way ', and />*», •^fci- * 
if after this, we move the fame Part of the Load-ftone, ]'^'g^^jf 
the contrary Way under the Filings ; we fliall fee the ^^^. 
fame Hairs rife up and bend the contrary Way to what. 
tiiey did before. 

31. The Iron would not deferve the Najne of a per- %i. 7ptt 
feSt Loadftone, if we did not fee all the. Properties of^rontwehtd 
a Load-ftone in it. Thus, it is not fufficient, that it jute^u^t^ 
draws Iron as we fee it does, nor that it has Poles as we « bavt ail 
find by the Needles of Mariners Compaffes : its Poles '*'' ^^*" 
ought alfo to turn towards or to ^urn from the Poles of a J^^Jj^ 
Load-ftone, as we have ietn two Load-ftones do 
when placed near each other : And this is to be i^n evi- 
dently 
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dentlyin fcwing-Needlcs ; For if fuch a Needle be held 
by a Thread at a certaih Diftarice from a Load-ftone, lit 
will go immediately tt) the Load-ftdhe, and its Point will 
acquire the Vertue of the Pole op{>ofit6 io the Pole of the 
Load-ftone to which It is joiped : Thus, if it joins it feff 
to the NortUhPoh of the Load-ftohe, it' will acquire the 
Vertue of the South-Pokj fo that if afterwards the South- 
Pole of the Load-ftone be prefented to it, it ^ifl turn a- 
way from it as if it had an Averilon to it. 
jf^tff 3^' This is what fome have called the SyMpdtfjy and 
tbi SympM" Antipathy betwixt the Load-ftone and Iron, which may 
^^•«^^«'be obferved another Way. If we take a Piece of a 
n^t^tbJ broken fewing-Needle, and put it upon a Pfece of Paper 
tcajjime' OT Glafs, and then place one of the Poles 6f a good 
and tb* Iron Load-ftone underneath, we (hall fee the Piece of >Ieedfe 
ftand up upon one End ; and if we turn the othet Pole 
of the Load-Stone to it, it will immediatdy change its 
Situation, and turn thib other End uj^. 

^vffovftbe 33* ^"^ ^^^ ^^ ^ obferved, that if the Point o( tJief 

j5W 0/ a Needle hanging upon a Thread (which we mentioned juffi 

•AW^ now) be made to touch the Pole of the Load-ftone which 

^XiredtU ^^ feem'd to flee from before ; then it will afterwards go? 

Vertuioftu towards this Pole and flee from the other. The Reafon 

PoU^may ^f ^hic^ is, beeaufe the great Quantity of magnetick 

rVtutoftbt Matter which comes out of the Load-ftone with Violence, 

9fp9ftte PoU. forces that fmall Quantity which paflis through the Pores 

of the Needle to go back and to move the contrary Way 

tb what it did before ; to which the Supplenefs of the! 

Parts of the Iron or Steel contributes, beeaufe they will 

very eafily bend, fo as to make no Refiftance at all to the 

new Determination of the magnetick Matter. 

34. Wbf 34. The Parts of the Load-ftone being vexy ftiflT, it is 
tbitProperty impoflible to bcud them, or alter them from what they 
t^dfim' were at the firft Formation of the Stone. So that the 

magnetick Matter muft always pafs the fame Way in them. 
And that which is once the North-Poh of a Load-ftone, 
ought never to become the South-Folty by being placed 
before the South-Vole of a bigger Stone. And this alfo is 
confirmed by Experience. 

35. Tbat 25. By all that has been hitherto faid, it is eafy to (ee ; 
//•irmar-^- that all the Vertue which is afcribed to a Load-ftone, 

outre tot ' 

y*rtuiofa ought to be afcribed to the magnetick Matter VfYiich ^zSt^ 

ferfea through it : But beeaufe this Matter paflTes out of the 

tkb^TL Earth into the Load-ftone through the Air, it foUows, 

ifig touebed that if a long Piece of Iron be fo plac'd in the Air, that 

by a Lead- J^ 

Ji9nt at aU^ 



r^ 
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its Length very nearly correfponds with any of thofe Lines 
which are defcribed by the magnetick Matter^ it muft in 
Time acquire the fame Vertue, which a Load-ftone by 
touching it gives it in a Moment. And this we find to bQ 
fo in all Sorts of Iron, which has for a long Time had 
one End turned towards the Ground or towards the 
North. Thus a Pair of Tongs which we take up the Coab 
with, and which we generally fet upright, always has at 
the lower End, the fame Vertue as we find in the Souths 
Pole of a Load-ftone, and it will attra6i: the North-VolQ ' 
of a Mariner's Compafs-Needle, that is, that Pole which 
looks towards the Souths and the upper-end has the Vertue 
of the Nori/hPolCj and will attratk the South-Pole of the 
Needle, Of that Pole which looks towards the North. 

36. It is to be obferved, that in Order for thefe Expe- 3S. That 
riments to fucceed, the Pofition of the Tongs muft not •'^^''l*.? '^« 
be changed ; for if they be turned upfide down, that End tbt^him^ 
which IS next the Ground, will acquire the contrary Ver- cban^et the 
tue to what it had before, becaufe the magnetick Matter ^j^^pjf 
will take a different Couife in the Tongs, and move the 
contrary Way to what it did before : Thus, that End, for 
Example, which before attraAed the South-Vole of the 
Needle, will now attrad the North-Vole. 

37. Now upon confidering the Vertue which the Iron j^. /&„, ,> 
acquired in Length of ^Time only by its Situation with "wjr i» m . 
Refpea to the Earth ; I imagined that a long Hender !^^" 
Piece of Steel might be made to acquire the fame Ver- yinmtrfm^ 
tue immediately if after it was heated red-hot in the Fire,* P^rft^ 
it were dippe4 into the Water perpendicularly 5 For I ^^J^'f/J^ 
thought, that when the whole Piece of Steel was thus ingteuched 
in the Fire, its Parts would be made very flexible, and con- h **•• 
fequently (i) might eafily be bent by the magnetick Mat-, 
ter fb as to make no Reuftance to its Paflage thro' it ; af- 
ter which, being cooled all on a fudden in the Water, I 
conceived that The great Hardnefs which it acquired - by 
this Means, would make it keep every Thing the more 
ftrongly in that State they were put into j And indeed I 
was not deceived in my Conjefture ; for I found in the 
firft Place, that the Steel thus tempered, preferved at 

{i\ Might eafily he hent, ftc) South- Pole^ ben ufe when its Paitt 

80 likewife, if an Iron Rod be held lire fliaken in this manner, tbeyara 

l^pendicuiarlj, and the upper- End the ealier moved out of their PJa€et„ 

of it be ftruck with a Hammer^ and opena Paffageforthemagneuck 



that upper End will become the Matter. 
KorJi-Pole^ and the lower End the 
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each End the Vertue of that Pole, which it acquired ia 
the tempering ; and that the End which was towards dm 
Ground, while it was tempering, continued to be 2lw2Ly9\ 
the Soutb-Polty though it were afterwards turned upfidd 
down. Secondfyj I obferved that this Steel had not onhn 
a Power tp move the Needle of a Sea-Compafs, which 
is very eafy to move becauie it turns upon a Pivot ; but 
that it would tal^e up and carry along with it, as much 
Filings of Iron or Steel as it would have done if it had 
been touched by a Load-ftone of a moderate Strength. 
tut it ii 3^* Further, to take away all Sufpicion that the Piece 
Mjr thi Si' of Steel acquired this Vertue, not from its Situation with 
tmatiM of Refpefl: to the Earth, but becaufe the lower-End of k 
vbitbJHMkti ^^^^ fi^ tempered in the Water ; I caufed another Piece 
it acquire to be heated red-hot, and holding it fo with the Tongs 
^^*^^^*;'^ perpendicular to the Horizon, I poured the Water upon 
Loadjhttt. it fo that the upper-End was tempered firft. But not- 
withftandlng this, I found that the Ends of it, acquired 
the fame Vertue, as they did when tempered in the for- 
mer Manner. 
39. «^ 29. It may perhaps feem ftrange to (bme, that a 
tMacfuired^^^^^f Iron which has been for a great many Years 
tuyertueof together in a Situation proper to acquire the Vertue of 
i^T fL s ^^^^Z "P other Iron, (hould yet acquire fo fmall a De- 
wi/jIffX gr^ of it, that ik(p' Crofs which had been for above a 
ap h&ia *r. hundred Years upon the Steeple of the chief Church of 
i>«»*^ '^'^ ^ i?re^z;^«r^, having been blown down in a Storm 
and broken into feyeral Pieces ; none of thefe Pieces, 
though pretty large, would without DifHCulty take up a 
very fmall Nail. But this will no longer appear ftrange, 
" if we confider that it is the internal Earth, which i$ 1 
very deep in, that we efteem as a great Load-ftone; 
ind that the greateft Part of the magnetick Matter which 
moves about it, moves within the external Earth, which 
is like a Shell and contains the other in it ; fo that but a 
very little of this Matter reaches to the Surface of the 
£arth ; wherefore there always pafTes a great deal more 
of it, through a good Load-ftone than there does through 
to much Air of the fame Bulk. Whence it follows 
^idently, that when a Piece of Iron is rubbed upon a 
Load-ftope, a much greater Number of its Pores are 
opened^ than vrould be opened, if the fkme Piece of Iron 
mod a great many Years in the Air withgut coming near 
any Lgsul-ftonc; 

40. Now 
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40. Now! to. (Prevent all the I^ffici^ttes whkb aug()t-4o- not ^ 
e be la^^ we muft undcrftand, that befide the mag- ^/][^^. 

aetkje Malter which pafies out erf" the Earth into . the tex •fmmg^ 
lioad-flont jn Order to go oat of the Load-ftone into ^he^^'^jj^** 
£aith aguiiy thore is always a certain Quantity of thia'X^'^^ 
Matter which moves in and about a Load-ftone^ and-whicbiW-jMib 
jmakes a Sort, of a Vortex round it. The Rcafon of '- 
which 1$, that this Stone bring taken out of the Place, 
where it is generated, as full of the magnetick Matter.aa 
it can be, - it is eafier for this Matter to return back and 
enter again into a Body whole Pores are !dl open to it^ 
^ban for it to continue its Motion on in the liquid Air^ the 
. Parts of which being in perpetual Motion^ thofe of them 
which come crofi the magnetick Matter are no fooner 
lemoved l^y it, .but there come others immediately^ and 
make the £ime Refiftance to It. 

41. But kft any one fhpuld think, that thq inyifible 41. APmf 
Vortex of this magnetick Matter j which is continually '*^ '^' '• 
moving about .every Load-^fione^ is only a mere Imagina- It^^Htk 
tion, and not a real Thing exifting in Nature ; we need Mamr 
only obferve the different Pofition.of the Needle of a Sea- ^J^.S' 
Compais, when it is varioufly expofed to a Load-ftone : * 
For we fee, that when it is right againft the Poles of the "" 
I«cad*ftone, the I^ength of it coincides exadlly with the 

Axis of the Load-ftone, and as. it is moved round it, it. has, 
difierent Inclinations, and all tbofe (everal Sorts, which, 
we before faid the Needle in the Compafs has in all the 
feveral Places of the Earth which are under the fame 
Meridian* 

42. We ihall be ftill further co;ivinced of thb Circu-'.4** ^f*Uf 
lation of magnetick Matter about a Load-flone,. if vtre p^^*^ 
confider how the Filings of Steel or Iron difpofe thems/^/f. 
felves when they are let fall upon a Piece of Pafte-board^ T^^*^l^« 
which has a Hole in it, where a Load-flone is fo put^^* * 
that its Axis is OKaAly in the Plain of the Pafle-boaidi 

Ifcr the Difpofition and Rangement of the Filings bmng^ 
;Cxai£Uy fuch as is rqpreiented in the Figure^ there can he 
00 Room to doubt, but that befides the magnetick MaN 
ter, which pafies^ along the Axis AB, and which goes 
firei^t on in the Air, there is feme oth^r alfo whkh 
«Mng out at F, G, returns by 1, H, towards D^ E, and 4,^, nt 
^ifoy that ^isfiwM fome which comes out ^t D, £^ and ^o^titm •f 
munistflf i^; H, towards F, G. . ^/^ 

Sort of Order or Difpofition as is here xt^- an txtrmf* 
bferved in all Load-ftones, if they are hot- cf ^'^* 
every where alike : B^t iif they are not fo, ^*'xy. 

M and Fi$.' I. 
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tnd their Veins are interrupted cnr irreguUr,.thenthe Duftl 
vrill range it felf difikently according to thbfe Veins «A 
the LoAd'^ftone. And thi» I have tried a grtat nM»ir4 
"fimes in a Load-ftone like that drawn iathe Ffgiirey w\ 
Veins of which went wiltdiQg about^ very ini^gularlf^ \ 
becaufe they were interrupted by fooie fomgn Matter 1 
which was got iti and wliidi* fepaiated them. For havii^ | 
fet it in Pafte-board, and let the Duft M upon it^ I a£« i 
ways oMoi^ed) that the Daft dilpofed it iAf about it, not 
tinifonidy ^ery where, as in others, but vety dift* 
lently, according to the Irregularity of the Veiiv»y with 
which it b^an a great many difierent Circles in fomc^ 
Places, and ended them in others ; Thus, the Duft which 
fdl about C, made Circles with the Veiiis A^ D, sind 
that which fell about £ ^ made other Circles wkh the 
Veins B, F. 
t^^ 44. The Irr^larlty which appears in the D^poGtiQii 

M^ij of the Steel-'Duft about this extraordinary Load-ftone, is 
«»«*«^ without doubt, a very ftrong Argument, that there is 4 
ifHt£si Vortex of nu^netict Matter atout evety l/lad^'ftone : 
^i^ut 9iit Let us now try if w;e can forefee what ought to happen 
ii*/>w iipQ,^ iiiferently placing another Load-*StOne ntear tfatt ia 
XM^jfom. the figure belonging toJri, 42* And in the firft Place, 
Tab. XIV, let us luppofe the J^^^Pole of one of the Load-ftonesi 
^* •• lookil^ to the iVirf A-Pole of the other 5 the» becaufethe 
magnetick Matter which comes out of ond of thefe 
XfOad-ftones is capable of entring^ into the other, and 
will rather enter into it, than turn about and^ go bs^^ 
enter in where it went through before ; for this Reafon, 
I fay, the Steel-Duft, which before was near phe- Pole \ 
€jf the firft Load-ftone, and which had gotie forward in a 
ftrsight Line in the Air as far as it was able, and then turn-' . 
^ it jTelf on each Side and bent back in ohhr-to convey 
^ ihe magnetick Matter round to the Places near the 'Other 
Poie^ that it might enter there ; ought to unbend it -ftff 
^ain^ in.order to go ftreight on to the fecond Loacl-flone v 
and fo we find by 'Experience that it doles. - • -' 
#«;. Jnothir ' 45. The contrary ought to happen,' if the j^^0r/^^Fo)• 
^dif"^ of one Load-ftone be applied to. the i^^rf*-Polc of tfaf 
nrninltbi othcr, or the Seutth-^olt of the one to the S0uth^F6k 
t^^iPoU* of thi other. Fore theii the m^netick Matter whid 
corned out of the firft Load-ftone not being able to enter 
into the fecond, will alfo hot be able to go <in fredty nri 
ftrdght Line, becaufeit will meet with Refiftance 
the Matter wliich comes out of tfar fecond Load-! 
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ihorter tkm th^'weie before) iba^ thejr may go« Iscacet 
Vf9j totbe oppoTite Pde ^ftl^f lirft ]«i<|ad«*ft9i)e« . Afl4 

^ wefind JtMdly4oes. .:•'!. 

^ 46. The Altemion nwddii^th^ Common JDifppfitkmjf'^!^ 
4>f the Coodb'^f the ma^etitk M^tw, nifty dtfd ^^p^ii^ tu;^ 
ferved ia another Manner, -which b >Veiry pi)o(»i^ tofgiy} Mir0ti§itu 
vs a true Nodon'Of it: We muft l^ke a JLoad"*{tpi)tt jiMid 
put one of m Poles to a Heap, of biyi or St6el*iPiling4 
h as that it maa^ ta^e up as muqh-cf them ^ it ^cali'tai^ 
jy ; then holding the Load-ftopk^ fo that t}^ Fob 39fluiih 
i& loaden with Fihngs be timif4 tpwiMlJs the' £flitii,M tbs 
Poles of another I^d4b9ne be ^fti^tdy ^ppH(id to W. 
This bcij9g.done^ when the differei«t Pdes of ib^.tw^ 
-Load-ftoRes Ic^ tO¥rar<b.e&oh'<^her».ihe F^ingS(of> ^Sftefil v - ^ 
which is u{Km<me of them, aaidwhithftand upright U ' /^ 

Coamty large ftradlhig H^ins coftung 6ut of the L^dt 
ficme, will bend. tfa^mfe)ve$ inwafda, and get fl^rer yif v .# 
each othet a» if they were about t0 iCnite together i.COt ' ' ' 
the other Hand, when the ikm^.Pblea of the Load^f^jnea 
afe turned tow^yrds each odiei^ the £ulie Filings wiRbeni 
tfaenafdves cvitw^s, and 4>vAri<;^ rftomveadb^Qtte^ la 
great deal more than they did-at^fi^^ : - : . ' 

47« By cdi^idef lug in this - Malmsr therDifp^ition of 4^, ^e«fr 
the SteelrFilinp ^abowt a-Ldftd-flsww^ . itrlt eafy to iihdou^ J^.^'J'/A 
which arc the Poles. of this St»n<Ji For it is plaMthat-jT^fJ"}^^ 
the P^es aretlie Extrenvtif^ of thatJ^ore by ijsrbEiehr the ILooij^hng., 
fliagDetick Matter, which tuiro Jej»ft> or which ^ocs -the p****^^^'- 
fl^ftdiredUy that can be ixom JSfptth to Seutb ot itaan *^ ' 
Souib to Northf enters in ^d goes out : And consequently 
the whole Length of ; this Pore njay be taken for the Axis • • t - 
of Ae Load-flonr : Thus in tie toad-ftone DEFG re; 

Frefented in i^hciFiguie, A and:Br are the Poles, and the 
6re AB is the .Axis, which you fee paifes through the 
l^diddleof all the reft. : 

48. @ut if this Ix^adtfton^ be faiAm in two Pieces along ^i, jj^ 
_e Axis, wemuft conclwde,thHeachof the Pieces, zstb^ Ptt^tnf 
>r Inftance C, mUft have its particular Poles, vi%. the'^J^^^ ^ 
'oims which are in the Middle of the Sides- AE, T^B^h^ttb^r * 
jh which thp magnetick Matter enters in and'goes/««'*«/^t 
for it is jn thefe Places that the Paffage of the magne* ^Ik! xiV^ 
Matter divides itfelf, thc^beifig but half the Mat*- Fig. t. 
;jp which comes out of one of the Sides, vi%^ that only 
rUch cogie^ out of the Poresnear £» which goes. ak>ng 
^y,H towards F6^ tiie other half which comes out (rf* 
Vol.il M2 th: 



49. W«f 



the Poets near A, goes iriong tow&rds BP by I^ whicK: 
h a fliortcr Way than gomg by H/ ' We may bcf eon^ 
vinccd ©f the Truth hcitofi by fpriftlcBilfe fdrae Steel- 
/ t>iift about the Load^f^ne AEFBGD ^t mfo a Hdeiii 
a Piece of Pafte-board in the Manner befd)« dfefcHbed % 
. 'for then ^ if oite Half 6f it be taken away^ viz. that 
• .marked K, and th^ other Half be left, ivefliall fee the 
- St(!^KDuft psirt if feif in the Manner now mendoned. 
i 49. Now if th^ Pieceii C inA iCbf the Load-ftohe 
fiOKrn afuhder in this Maimer, be joined' together again^ 
y* by bein| kid one updn another ; it « evident, thiit the 
fa^f^4i' magnetick Matter^ which comes out of the lower^'Part, 
Uf the tatuiot enter into the upper-Part, with<xit foihg a great 

il tfirdNb ^^y •'^^^ ^ ^^ *^ ^ ^^^ marked K be tiirhed the 
^JhZber; contrary Way to the other Half, the Matfer which 
tbetomrMj jcomes out of the •^Mtfl^-Pole AEof the lower Piece,- can 
^r^J^/^'TOter in at BG the A7ir/iM?ole of the upper Piece, aUd fo 
4i^«^ take the neareft Way that can be : Wherefore if the Piece 
nuert cmt. J£ be fofpendcd on a Thread j and let down feftly upon 
Tim^t/^' C that Way which they were c^rigin^lyjwned together 5 
4t is very piea&nt to fee^ that a little before they touch 
4one another, ' the Pi«:e K will turn it felf iDuiid to tht 
^uite coAtraiy Pofition, in Order by that Means tofedli^ 
tate the Courfe of the inagnetick Matter^ 
^6. 6/tU ^ 50* And if, after thefe two Pieces C and IC ate thus 
^j^pim. joined tc^her the contrary Way to what they were na* 
^' ^J^ turally, fome Filings of Stiel be fprinklad about them ; 
fMtt^' ^^^^ t^ Ranks formed by them will be like fo many Se**^ , 
^tttitoff micifcles terminated by the two adjoining Poles of the 
uapmi. two- Pieces of Load-ftone, the Center of which is the 

Extremity of the Line where the two Pieces are joined. 
SJ.Tbat ■'■ 51. If a Load-ftone be fawn afimder, (o that tl 
***/ A*'""* Plain of the Sedion be perpendicular to the Axis, 
mLltZr ^^^ ^^^ P^^ ^^ ™^ require a difierent Situation fix>Ai] 
iff tht/amt that which they had before they Were iepahited j beeaufe 
Lo^-/iM*> the magnctick Matter which comes out of the one, caaJ 
p<^;tbe *"^ ^^^^ ^^ other the moft conveniently that can be jf 
y€ttM€i of but the two Poirtt8 which touched one another befelt 
TJmid*'' , the Load-ftone was cut, will become Poles of a quite con- 
T»b. xV. ^^rf Vertue. i Thus, if tKe Load-ftene ACBD, who* 
Fig. s. ' Axis is AB, the fdirf^-PoIe A, and the JVir/*-Polc B|{ 
be cut along the Plane -CD j the Point b and the 
«, which touched one another before the outting^ 
become two Poles of contrary Vertue ; ' that is. 
Point b will become the Nmh-folt of- the Half E, 
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thePmnt a dde An^A-Pdle o^ the hMf. For, alt lluft 
tegiiedck Mattdh #hich came frpm the ^Msfr,. and eh^* • ^ 
kred into tfie itIk^ Load-ftoM at the Pole B, oiighlf af: 
tentfftfds to ehtrir into the' Bie^ £ ^ b ; and all ^ 
Matter which came from tl^ ff^h^ and entete4 in ^ 
A, oi^t to entcf into t^ Piece P at a. All this aaiy 
eafily be confirmed by ^xperienccy by making either of 
thefe^ Keces £ or F Cmm upon l^ IV&ter in a little Boat« 
er by turning the points b and a one after another, to* 
wanb the Nee41« of a Compafe; For then we fliall Cse 
d» Point b of the Piece £ always turn it felf to the Swths 
and that It wUl draw the iSbir/A^Pole of the Cpi^pais ' * 
Needle towards it ; and the Point a of the Piece F alt 
way»tum it felf to the Nortl^^ arid dmw theMr/i6-P6lf 
of the fiune Needle. From whente it follows, that they 
are guilty <^ a very groat Abiurdity, who diihk th^ 
die two Halv^ of the fame Load-ftone, have two efi- 
liiely different Inctinlltkins, aiid that one of them tends ,t 

With its whole Force towards the Nfrth^ and the othlNr 
on the ooikrary, towards the S^th i but that when . die * ' ^ 
I Load-ftone is a^ually cut in two Pieces, eachof the Pieces 
has no longer the dinStivi Vertue which was in the whol^ 
! Stone. . i 

5a. Thus we have fcen how all the Pnj^/iVi of the 5*; yy 
X/eod-ftone, hitherto mentioned, have been deduced ^ j^^^Y ^ 
fi»m the Nature afcribed to it. It is otherwife with xtrfiw^ md 
^»ft to the ArtMur ; and it is v«y furpriailng, that two' ^**^" 
I fiaaU Pieces of Steel, fuch as CD,^ £F; plac<3 as y<Ki fecf^i^ ufkl^ 
jntheFigurss at the two Poles of the Load^ftox^ A and mnirm. 
I B, will take up a much larger Piece of Iron, than the J^'J^^' 
\ naked Stone it felf will take up. But if we conlider, ^' '*^ ^ 
that a Load'-ftone thus armed- wiltneither attraA more _ 
Iron, nor ata greater DiAanoe than itdid before, we nlay • ^ 

be able to find out the Caufe of 6y fiifj^rizing an £fied : ' '\ 

For this bong fo, it is oify to fee, that tl^ Incitafe of 
the Force wluch we find in an armed Load-ftone, arifes ) 

'frcrni henoe, that the Iron -which is lifed^p by the Ar^ *" * 
mour, toudies^ it in more Poiiitsy ^ah the Load-Aohe 
k fdf touches it in : For, as was fliown in the i}rft Pi^ 
cf ' this Treatife, that natural Glue,^^ by which Sixties zH 
jeiiied and 'fiifiened together, and' which hinders t}^ 
from ^orating, /confUts in the Parts beit\g fi| reft, witll 
ii^pcA to each other. v ' 
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IJjju'Ji ^^^y -^^ ?^^ i|cc«nfiw?ic<lfrQI» bw^y thgt if thr APH 
fZmayi^ ^^f^ipi the Load:fftwe b^i^^t tl3W^%' il^.Qrder o^ 
bimdrtd/nm ite Paft^ be* diftufbefj!;^ fp ibit it is fiolctfiabl^of fufii at 
M^f'*'' <?opt^fsiti)wl^f<ire.i.orwhiphfe ifi 

^fx^ tjJD^t is ever Ip tpip, tietwixt tbe Armour^ 2Uid ttm. 

Iron t;!^ we would; tf]^ up^ as for Ij|ftwOe» t^ Piece o£ 

rapQr^.ijt; willtjhea Kft MfH^o. mprethafi if Jet. were an*^ 

irme4,.i5t^hereaa ^h9.inlFrpcfitiK)ii of X|ic]^.Sortof Bodi« 

does x|f^ ^t a^ allef t))e odier furprifii^ £fie£)0 of the Jia« 

kcd Lpad-iione, ; ».* 

34. Hit» if ' 54, This Obfq^a|iim about the Afmciir» forniflies uft 

SrV'^^I with the Solution. x>f- 2» very ppat Difijculty, which i^ 

toafioK, %hfff fiontUmi a- ^nH^, Lopd''j^0ne^ nf^n touching a Piem 

roiiljtmt^ ^ Iron, wbUh is fifptnded $^ on^her- ut^dm 

*/" i'''^" \fif^4-fion^ mil taht it tffmemt. and canj^ it ahng %ukk 

c/iron from it ;. Jfov, it Is r^afoiuhfe to think thilt in this Cafe,, thft 

4iftrong€r yreafccr J^^-floine touches the IiTon in mew Parts than: 

*"* t^.ttroingcprpnedoev ^ 

55.7i4ifr^e 55j.,To this we n^yadd,. that the; flro;^g(efI<oad-lhM» 

#wpp«/ri 0/49® in feme Me^urjg ifjoieafe the Vertu^ of- the weakec 

^TITnt ^^^^ beoaufe it fends forth 9 great deal* more magnetick 

two Load' Matter to it, and helps to fupport the Iron that bai^. 

^U^i ^^^ ^** • -^^^ ^ ^ Rcifoa wliy. die iS^A-Pole, • in 

*f7aCj?t«#.- ^J' Lpad-iJsQngs, tbathaye.n.cn.foffic,^o»ftd#rabkIrr^4la* 

rity in diem^ will tak^ up')n<M'e Iropifl thefeNorthem- 

Climates of the World, ttetn the 1^9rtthlfiAe\. becaufer 

. I thff Swc/ArPoIe may be affifted by the. Vertue, that, comes 

»&PiPAheriVcr/i&ri\)k:of:tbe Earth* bwt the other Pok 

*s6. «^* ' S^^ Some People.have .been vtxy riwfeh furprized to fee 

KfiV ^^' 'if ^ fi^^^s ff^hirJigigy whofe Axis' is inside^ of Iron or 

huthngor St^el b« turned round. upott a Table, and. then, taken up 

TJ^t'Lfu M^^' ^ Load-flone, it witt keep turning mucKloi^^i than 

uSJST, * tf '^\^Mf% t<? moyq 4pon the Table r but^this jrieafily ac« 

f^^w^iti/counje^fof.: For we need only confider, thstrone KOh 

tMj^' fon wJby jhe JVhirligig does not continue toi^veon for 

tver,.is bocaufe its Weight qiakes it t0 be^r petty hud 

ag^inft the Body it moves upon \ But wbeiiit la.fu^ended 

vpon a ILpad^ilone,; then its Weighty whtch cndeavoun 

tp pmU it oS; caufes it Scarcely or butjli^y to touch 

„ the.5Mf f^e of the Load-ftonei fo that it turoa about with 

SiS' the greateft Eafe that can be. 

fiiffortedin $7* Whcnco wc may conclude, that if we make uft 
fhis manntr of a Very ftrong Load-ftone, to Bft up a very light Whir- 

VuttTm^^ del witbi becaufe thcr Vtiirtex of a Load-tftone will at- 
mUfi/hiu. ", tn&l 



tia^ it mucb oKkre ftmngly, than its own Weigbt wpuM 
fK& it aigainft a Tabk i k miift ceafe to turn at)Qat a 
geatdesd fiMoer^ ) thao it^ would da if it tujrnfid npona 
TaUe. . . 

jS. It Slay ll^my. that the I?«9l|ination of the Load- ^^,^ 
Acme,, or^of a Needje .tai^cb(d by the Load^ftoQe,. may ^ttnUH* 
ixiba^ JVieafuiiB coatradi£):.wb^^ Iui$ been faid concern* /»#, m^ 
ii^ the Natute of Uiis &:one : For, if it be. trjie, that ^^aft^ 
d^ niaj^o^tick Matter which . n)ake9 a kind, of Vortex // ittPaM, 
fboat & £arth, moves from one Pole to the other, in ^t mt #v« 
the Plains of the Meridians, why ihould not the Need* no^W 
ks point exaffly Nirtb and S^utb f And why do. thev Sootb* 
deviate in fucfa a manner, that the; Soutb^^o\<^ which 
ought to Ipok towards the Norths declines about a Dqpee 
towards the IVe/i ? To which I anfwer, tljiat the mag^* 
neuck I\d4tter which moves in the Air* woiUdgo qca^ly 
from N9r^ to Stmth^ or from Swth to Nor\by if it wa^ 
^p^ iixtit way to accommodate it felf to the raagpetick 
Matter which moves in theexteriour Earth | but it hapr 
peosj that in this exteriour Earthy the magnetick Matt^ 
is fo^Detimetf obliged to turn out of the Way tl^t it 
would go in Isy the general Caufe ; becaufe it 4nds ji^ory 
conven^t Pajpi^ge^ in fhofe Places wherf the f ro^ Mines 
are. And this is the Keafoii why the magnetick Matt^ 
which m^oves in the Aii'y does not always go in the Plains 
of the ^(eridians, and alfo why the Needl^ touched by < 
the Load-rftone, are thereby determine to decUiip a& we 
£nd by Experience they do, 

59* Now in order to make Iron divert the nfagaetick 59. A En* 
Matter out of its ufual Courfe, w^ ik^ only p^ce thf /•'^JJ^'^L 
Needle of a Compafs at a certain pifta^ice from a Load* ^^tL. 
(toocj a^ we fee the Needle CD in the figure is ph|c^ Tab. xv* 
with td^^ to the Load-ftone whofe Axis is AB» Fof ^ ^ 
fo long as jio other Iron cornea near this Load-ftpne, the 
magnetick Matter which goes out of it, difpofes thp 
l^eedle to. be v^ry. nearly p^ajlel to the Axis A^ ; bu( 
\f any Iron com^ l&ear ^ty as for Inftance, a Knire wliic]^ 
the Matteir that come$ out of the Pole B of the Load-ftone 
poife t;tu!Qu^,- tOi qiH^r into the Pole P of the ^([edl^, 
l^hilfl: tb^yi(fotter whW> corne? out at A ^ters at C as 
it did b^m%:.miJa^ . tim find a confid^rablc Alteration 
{a the N^H^Up^j for it will qpt th^ Line CD in order t(^ 

pfac? it ftif in the Lin^ EF. 

M4. :o., .-60. An* 



til ROiiAULTs SviTtu ^artlir. 

€o. JTbf * 60^ And bccaufe it is oertain that there may be Iion-^ 
jhmi^'me^^^^ generated in fomc Gountries where there vm€ 
siw^t tu nonebefeie \ and thoTe which v^ett in other Countm^ 
famDtcH- j^^y |^ y,rpm out ; therefore it may liappen that the 
fimTpiL Needle'^ may have difieient Dedinations at difierent 
«» ikiM^rtb Times in the lame Place. So that we need not be fur* 
prized, that they who mentioned its Declination, about a 
hmldred Years ago, affirmed, that it was fix Diegrees to- 
wards' the Eaft at Parisy whereas by the moftocaift Ob- 
fervations that I have been able to make^ I found it was 
hardly one Begree that way about thirty Years s^, and 
is now one Degree tcwwds tte ^^^. 
<i» Thsimu ^y* Bu^ it is to be obferved, that in ovder for the Iron 
Jfrom MUttet to make the magnetick Matter turn out of its Courfe, it 
pmI/'' ^* neceflary t&t the Situation of its Parts (hould be RkJi, 
^ktMgthg that the Pores which are in the fofin of Screws, ihould 
l^'fimt continue on diredly. And, fihce tliis Difpdition is 
*^**'' not to be 'found in aH Mines, and there may be fome, 
where^ tjie Parts of the Iron are omfufed, theiefore the 
Iron in all Sorts of Mines is not proper to 'cau(e a DeeliT* 
nation in the Load^ftone^ nor is it eafily to be attraded by 
this Stone. 
6s. 7h^ m ^f * Having thus explained all the Properties of the 
iMtd'jhm Loaa-ftone, it remains,' that we (how how it may \o& 
J*"^ /» thcfe Properties, and be reduced to a common Stone. 
Mgbeuttf ^ "Order to apprehend rightly bow this may be <h>ne, 
liffpim we muftconfider, that that which is peculiar in theLoad*^ 
^ '^' ftone is the Shape and Stru^re of its Pores ; wherefore 
■ ■ ' ' we can ho fooher imagine this Shape and Conftru^on 
to be ddftroyed, but at' the fame Tiiiic we muft think, 
. that the Load-ftone will ceafe to be any W^r fo, aha 
wiU not at all differ from a common Stone. Now it is 
evident, that if a Loa4*ftone be beaten in Pieces and re* 
tipced to a very fine Powder, the peculiar Difpofition oiF 
Sts Parts will continue no longer, and therefore- it b aUb 
evident, that it will be no longer capable of hav^ thofe 
Properties which we fo much admire4n it. 
^yAnEif 63. Aiid this is confirmed by Bxperience. For having 
penmtntof caufed fcveral Pieces to be cut Off from; a very good 
*9jthh,€nd Loaid-ftone, in order to make it of a hahdfomer' Shape 
•f mainetick thzfi it vt^as, I took the larj^ft I^ece, whi^h*^ would' take 
fUifiiru *up a confiderable Piece of- iron, and be^t^it fmall, and 
put the Powder into a Rag^ ^fter which ft would not 
take up the leafl: Piece of Iron that can be. And this 
;nay ferve to undeceive thcfe who, becaufe they fee 
^t a%)iole Load-ftone d|aw^^Iron> imagine that if it be 
\ ' beaten 



taaem and made up into tPkufter, it w91 draw Iron out 
•f a deep Wound : For they nu^y kam from hence, that 
the-difunited Parts have not the lame Properties which 
diejr had before thcnr were feparated. And if Load*ftonei 
arefe^id tobe ufeml in Plaifters, it miift be for fome ^ 

other Reafim than what they have ims^ined. 

64. We may alfo forefee, that Ruft uten^it gets into ^4- ^^^ ^ 
the Load-flone muft fpoil the Shape and Ctafouftion^^JIJ;^^ 
of its Poies ; and therefore we may conclude^ that tbi^fr^ml^ ^ 
Stone muft lole its Vertue by being rufty. gr^wi^ . .; 

65. We may alfo ferefee further, that a violent FireJ^J^^ 
may do that in a few Hourd, which Raft will take up aw d^/h^ 
fiveral Years in doing ; becaufe It makes an Alteratkm in ^^f^^yyjT 
die Load-flone very much like what we fee it does in **'*^'-^**' 
Wood whiuiTt turns it into a Coal : Wherefore a Load- 
flone held fome time in the Fire muft lofe all its Ver^ 

I. • • • 

tue. 

66. *We mayiifcewife add, that the Air when it is moft ^^'^ 
dry and leaft capable of rufting the I,<oad-flone, ougdbt to 'ZliuSZ • 
dimiiufii the Force of it ; b^aufe it refifts the Motion Uad^ftm^ 
of the magnetick Matter, which is cnd^vouring to come . 

eat of die Load-ftone, and forces it to find a Pai&ge 
fHtliin it; in the fame manner, as we before feid, that a 
great Part of that Matter which moves within the inter* 
jpal E^uth, continues on its external Motion in the ex« 
temal Earth which furrouiids it :. And thus the Parts of 
the Load-flone which are near the Superficies become at 
kft very dtffisrent from ivhat they were, 
. 67* Now when tbefe extemaJ Parts are thus comiptt 67. mf 
ed aod ipoiled, tbeyare not at all difierent from a com<« f'^rtof a . 
inoA Stime ; and tney. binder that Part within, which is ^J^^j^ 
foimd and entire, and which continues in the Form of a timJ^m^ 
Load-flone, from coming fo near the Iron, as it would "^^2* 
do if they were gone : And this may be a Reafon why ^j^'jm* 
a whole Stone, may not be able to lift up fo much Itonjk^ 
as it would do if thefe corrupted Parts were taken away. 
And indeed, I my felf have feen a pretty large Load* 
^»ne which weighed thirteen Ounces, and which would ^ 
Inidly lift up an Ounce of Iron, after a good desd of it 
aext theiiuperficies had been taken oflFall around, fo that 
it weighed no more than five Ounces i take up two Oun- 
ee^andaHalfoflron. 

^. The only Remedy, hitherto found to hinder the " »wi*# 
Air 'from thus cornipting the Load-ftone, is to furround it^^^^J 
widi feveral Pieces of Iron i and this perfeAly agreds Fertmrftht 
IfTTO what was ju|l now fiUd : For the Iron affording ^^/«^ 

4 freer 




i^ Rj^ffJULt'sSv^'^^Wrr, fart 

t finer Paffi^ to the ttOfprnkk Mat;|ter t|nn tl^ , 4^)40 
4oc9» it bends it felf Juid continues 911 its Oogorie in tbm 
Me(ad» a^nd tbeitfcwe will not fb toon make a^iy Al^eoH 
taon in the Poi« of the IxndUfton^ 
if^Apw f ^69. in all theEflSn^of the Load^ftone, thegfnteA 
^^&^^ Share of theoi is owing to the magnetick A^^tti^r j whe»>o^ 
pZmki s fontk the Gonftm&ion of its Pores would be wboU; ufe-^ 
Mm^tM^lofi if thoie wei^ none^ of this Matter, But it may ib 
J2I^*' bvpen» ,thiat: theiaige QHantity of this Matter which 
Mril* ' jnoves about a.great Load-fioi^. may carry off thus 
jmall QjiaHlityt wjuch snakes a little Vortex about a ibiall 
Lead-ftone wliAch is nesur to it : And thus I have fbuiHl 
by Experience^ that a fmall LeedrftoM armed mi(et ki 
^ Rin& which would lift up. two Ounces of IroQ« loft 
all its* Xc>^<} in an' Inftant, by Coming too near a. vei^ 
good Stone. However it re^PVered H agaja in two Payie 
Time } which was doabtlefs owing to this, that the Air 
AuB^ed it.with magnetick Matter m the Koom of that; 
which it Iqft* 
7«^0/J^* 7o« As to wliatfomeWriters.hfive related, thfttraliOed^ 
?j2^'Xi. ft«>nc will notattraft Iron, (i)^ if tWebe a Diamoiii 
Mn tit ' near, und that Onions and Garhc^ will make it. 1<^ ila 
iMdJtm. Vertue \ tbeie^are CQntradi<aed by a tboufimd ExperimefM 
which I have tcied. For I have fliown, that tbi$ Sinne 
will attmA kdn through the very thickcA Piambiula, 
end through' a great many tl^ck Skins which: an. Onion 
ift made 1^ of. 
91.0/ 1»« ^ 71. Having at large explained the Properties of thd 
tf«ii«Af«« Lowi^Aone, j«id efpecially tbtit by which it attia^ Iron i 
VSi/ind I 'wwld not wiUingly negtcft fpeeking of that Pmpertjs 
fiumi ubit taken Notice of \sx Jbri^^ J^^ Gw^ Wa^c^ Gkfi 
3odku g^ mj^ JwJh. all which, when they are rubbed> wtH 
' < take up ind^imtly Chaff and fuch $ort of light Thi^p* 
, I am tfaitrefore of Opinion with . fome others that tbeie ia 
/ axcttain Matijer, which is very fubtle, continuaily moving 
in Jtfae fmeUeft Bpres of thefe Bodies, and that it oomea 
kom the Center t^ the Superficies, where it is re&cStA 
inwards by the Refinance of the Air which it dien meet^ 
with* Now when thefe Bodies are rubbed, this gives 
a fufficient Force tp the Mat^r contsuned in them, ta 

(I) Jf tbtre h a Diamoifd mmp^ « he attu^ ) M if til•^X4n4-ila•S 

. in-] ♦* There it Inch a Difagre^. «« Ji put iq it ^nd talcee hot* of i^ 

♦<■ msnt bftwivt a fMamond and 4 » «V It %riH ttilh^a^ar." f //>f, Btsk 



oTcccome the Refinance of Ibc Air, and to extend it 
fclf to a little Diftuicc all round them ; but becaufe it 
cannot go very far without loljng,fome trf' its Force ; the 
Agitation andCirwladothofd^/lifwdl drive it back and 
force it to turn and enter into fomc of the Pores which 
it came oaCQ^-and'wAaeodw-Macwrcaanoefp conveni- 
ently enter, becaufe it h not fo well proportioned to the 
B^iiis-and Ftpne-ttftbofelVues. 'Thia'm Jmier, for 
EuD))^ that las been itririml, a great Number of the 
l>aRicks of tiiisAbtter, lilfie fo many fineThixads^ too 
fimll to be lean, oonnoucof it,.and d>ttbanfilvesin- 
totfae Air, wbeir mectii^ with fmall Bodies,. the^ get in- 
to tlie Fcuies of tbem,^ and then return bade into t^ jfyt- 
har-f at die lame Time, the Air. continually^ repelling thefe 
fia^ Threads, and forcing them to contntft thtimftivw 
nto-kls and IdeCompalsr pteflca likewife in the Jam* 
Afcnner upon the li^Bodicsinto the Pores of^which'tbefit 
flnadl Thffiads lave thruft< themlclves t lb that in return- 
ng'back tothe^Miff-'tbey carry fmall Stnwb, in whofs 
9on^ they are engaged aiotlg with them. All which ia 
confinned from hence, thar we do not pncsive the leaft 
Degtee of this Vertbe in Jiaitr or any wher (itch like 
Bnly if'itfae notexcitod by rubbing. 

72. As to aay Thing further; thereJsiioNeedof afcri-ji. ^ mcc 
biMg any other Qualities to cbe Matter iriuoh come* out of "^ '"^^ 
tfaefe Bodies, in order for them to have the Vertue of at- f^'-^* 
tiadi^ Straw and Clnff; as^ that thoy muft be greafy^ Firtw. 
Jn order to have Tfamgs fbck to them ; for betides that 
the Power of (licking b not at all explained, it is not in 
the hnfl BrobaUe t&t Glals or preckn*' Bones, which 
}an the ^meattiading Vertue iriiich weiind i^jfinhry 
)uve any Greafine& in them. For if we couM thinft: ^t ' 
then was any Thing of that 'Nature, in the Sand and' 
ASmb of wfaioh the Ok6 is made, it muft all be confo^ 
npi by the Fire in irfaiob tfaey are melted. 
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CHAP. IX. 

Of JiAterranftms Fires and Eanbquakes^ 

r. nat ft T N ordku: to explain what is maftcxtraonliiuuy in cho 
5^^*f f Eaith, it wiU be very proper ID fpoJc of ySf*<err^^ 
fS^Ju. fires. The daadful tSEoSti prpdiiced by them do too 
Mu Ffr^y it often excite our Admiatipn, not to endeavour to diicor 

tb^^mr§ and intand tp explain^ aie fuch as thpfe which fometimes 
*Z^^^ Vt ieen to come out eS Mount /£;rib in IJkmd^ Mtna 
'^' pr Mouj>.t CiM 'mSicifyj and Vejimus in the Kingdom of 
Hi^hs: And becauic there IS no manner of Difimncebe^ 
twixt thefe Fires, and tbofevrhichi^ kindle in ourChim- 
neysy it i& evident that we cannot explain the NatMCP of 
the one, but we muft at the fiupe Time explain the Na- 
ture of the other. So that t^iis Difcourfe will take i)^ all 
that can^be faid of the Nature of Fire in general. 
•• ^f *** a. Nqw if we oonfider, that the pHncind (pities of 
fiir F'"** ^^ Heat and -Light, we flial) bp convinced that. 
its Nature cOillHIs in. nc^ing elfe but this ; that Fire is 
nothing. }^ .a c^itein Coll^ion o( terreftrial Partieks in'* 
4ifierendv folid^ which areall in averj great Agitation, 
becaute thejr fwii|i about in the Matter of the firft £le* 
ment only, wbteh they are of the iame Rapidity with. 
J. nn>y in 3. In order to have as clear a Notion of this ss can be, 
^? ye ipufl remember, that the Vt]aaXy with whtck^ i^ 
vtry fuuk» lyfatter qf the £cft Element moves, is inoompaxablv great-* ' 
cr than that, with which the Pans of the iiscond. Element 
inove, and that thp fmall terreftrial Bodies which fwim* 
in a Mixtiue of thefe two Elements, can only move with 
the Velocity of the fecond Element, becaufe this ftpgaw 
the violent Motion which the firft Element would im- 
preft upon them : So that when thefe Bodies are furround* 
ed with the Matter of the iirft Element onlv, they muft 
neceflfarily be as rapid as that, in the fame manner as a 
Piece of Wood moves as quick as .the Torrent it fwims 
in. ■ » 

4. Why ii ^ Yhis being fuppofed ; ai^d ^^^i^g ^l^^' f^^ gninted 
/liJ*!*'^ what has been faid concerning fifept in the firil Part of 
*^ ' this Treatife ; it is evident, that the aSual Motion of 

the fmall Parts of terreftrial Bodies which are folid, is 
the tnic Caufc of the Fires being fo ht a« wc feel it. And 

It 



if nnre call to mind what the Nature of Light was thei€ 
fidd to confift in, we ihall be convinced, that the EBiM 
-which atl theie terreitrial Parts make to thruft forward 
imd drive off every Way round them the finall Globule* 
of the lecond Element, muft caufe, (l) the Fire to be 

$. And that the Parts which Fire is made up of, fwim $• Um it 
ih the' Matter of the firft Element only, is what we fliall j'^^f 
teritdly convinced of the Truth of, if we coniider bov^fiH^^ I 
Fkt b bHginally generated ; that is, how it may be prcH ^<m/« 
Aiced When th^re is n<me, other by ftriking two Flints 
agvnft one aifother, or rather by ftriking a Flint^Stone 
igainft a Steele If therefor^ we look upon the Figure Ttb. XV. 
and conficfer, that the Patts of the Fliiit-flone A are fo'^S* S* 
c(»ineAed together, that there are fmall Intetftices lef^ be-> 
twixt them, Whieh ate filled with the Matter of the firft 
and feec^d Element : Whence it is eafy to fee, that by 
die Stroke of the Flint-ftone A againft the Steel B, its 
Piarts may get to near to one another, and the Interftice* 
b et w een may become fo fmall, that they can contain on-* 
ly the Mattel of the firft Element ^ the Matter of the 
iecoad Element being driven out^ and thfcy then Idt Mt 
of the Matter of the firft Element; Then^ if we eonfider, 
ttdt the Parts of a Flint-ftone are very ftiflF, it is ekfy 
to apprehend^ that they are alfo fpringy and hav^aTen^ 
dency to rdturn back into the State which they were in 
before ; which they do with an incredible Swiftnefi: And 
becaufe Bodi^ whidi have a reeipro(^ Motion back^ 
Wards and forwards, idways go a little beyond the Place, " ' 
Where they would be at reft in their natural State; fo 
Ifkewife the Parts of the Ftint are feparated a little fiirther 
htmk each other thto they' were before it was ftmck a- 
guinft the Steel, whiclv cannot te, they being fo very 
llrMtt, but tteit they muft' be entirely feparated frtuh the 
Mafe of which they were Pattss They muft therefore fly 
off into the Air^ iM be fiirrounded, for {(mni Time at 
kaft, as you fee in C, with the Matter of the firft Ele-^ 
fnent: For being v«ry Md^ they have fufficientFolte to 
puftk^ back every Wi^ the. fmaU Gk>bttles of the feeond 
Element, (which are continuaUy endeavouring to gee in-' 
to the Places which they were driven out of,) by their 



* {%) The Fir$ to he Ivminout) Cod- romena of f ire. ^a 'tbt hibta oa 
cerniiig the true Caiife of this Par- fsrt I Chap', 27* Art* 15. 
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fapid CirounFOtitiQii : And therefi»ie(i) tfaefe littkPjfioe0 
muft appear lummats. 
^iWhytU 6. Xhis being the Nature of Fire, it frpm hence foUomy 
^Smt% ^^ ^^ '""^ go out in a Moment, if it be not foppKed 
jS«m/. with Feivel; both becaufe the fmall terr^ftrialPait^ior 
which itsjs compofed, by daihing one againft anotfaer^ 
aie divided into ftill fmaller Part% wliich have not Force 
CDOOgb to refift the iecood Element, idiich is omtisiu-^ 
ally endeavouring to entii^uifh or choak it ; and aUb be* 
cade thefe fame Particle^ by driving forwanl the Gkv 
Ibules of the iecond Ekment, move on all Sides oi^ «f 
thofe Places where they firft were, and come in amocigft 
• the Parts of the Air, where they lofe their Motion hf 
conununicating it tx> the Air, and fo go away in Smoafc. 
7* vu fc. 7. Fewel therefore vuift of Neoeffity be added to ~ 



u9rMiC6mS* If ^1^ would have it long pceferved in the fame Places 
^/^'/othat is to iay, fome Body muft be put fo near to it, tiiat 
mmijkiin. fhe Parts d[ that Body may go into th^ Place of 4iofe 
IKrhich are diffipated by the Fire or which are coAvnted 
into Smoak. And in <»der heteunto, it is nsc^ary in 
^ firft Place that the Parts of this Body flioukl be (b 
difpofed, that they may eaiily be CbparatDd fucceffiv^y from 
each other by the Adion of the Fire vrfaicfa they ar^ to £ppd : 
And that there ihould alio be a fufficient Number*<^ 
the^i to repell the Parts of the fecond Element, , which 
are continnally endeavouring to choak the Fire : This the 
]>arts of the Air cannot do becaufe they are too fi^Bt 
wherefore Air \s not fufficient to nouacifli Fire. 
«. n#f#r. 8. The Conditions requiilte ia terreftrial Bodies to 
'duIZ.^' compleat thefe two general Propei:ties, wfirfl, that their 
Parts ihould be c^ unequal $igne(Sft'.fp that the fmalleft 
of t,hem being firft agitated, may help to increa^ the Mo- 
tion of the lai^er : Semdfy^ that ; the Pores of t^efe Bo- 
dies ihould be large eno^gb, lo, admit the- Parts <^- tte 
third Element which are aljceady on Fii:e» in order to put 
the Parts of thefe Bodies into Motioa i And L^^^ that 
thefe Parts ihould be fo conneded with each other, thai 
the Parts of the fecond Element will fooner be driven 
from them all round, than they ent^Ply be iepamtoi fiook 
each other. 

* t 

(I) ^theje ttttU Piecit mnfi a^at Olobei, or at kaft befos rcd-fcit 

luminous) Mr- Book obfcrvtd with {h>as, and kiodiod the Tinder. Set^ 

a^icrofcope, thtt the Particles of ii99k*$ Mwgrapiy, OBfervat. g. 
Sud betn^ mUq atltcd into ikail. 
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* 9% Eiieiy one of thde Conditions ai« t(» be fburiji in aU ^^'^•i' 
£oit8of dt7Wood>4^hhtbis Diiftraiceonlf^ ths^thejl^xt'^^ 
ittibfliein agreattr^ in others in a life Degree; Wherdbio 
tiMywillall i^thenrtHim^but feme more eafily than othersi 
IM^Sxao^dt,^ that which im die hrgeft P^, or diat in 
VriJdi alt the ibvemendoned Oonditions aie femid, or fonit 
«f ihem m the scmeftDtgree, will moft eafily tmm* 

tCK The iim anil the t^fd of thoi^ Oondiitions noi^- to* tn^ 
JJMMioned) aie indeed to- be found in MeMb, but be^ff^V;*^ 
cauieth^ have not tht iecond, they are not at all f^^o^mJnfhn^ 
per ^OMOunOi Fire) yethowever, as tl«e moft felidWood^ 
or.tiiat'idiich has the feweft Popes, will very eafily bum 
whdl it is cat into Chips, or reduced to Shavings liko 
tiMfe taken ofF bf a Joynei^s Plane $ fo likewke the Ft* 
ingsof Steely thrown cro& the Flame of a Candle, will 
knmediately, and every Particle of it will become n 
bright Spark. 

ic« I'fae tiiird of<die<ii Oendttions feems to be wanting ](V,f^ 
in fuch Liquors as Oils SLtidJqua-Fita, which yet arc very^3^'/5S* 
eafily -converlsed into.Pire* ' But it is to be oblerved, thgXjtr^i t9 mi 
tbete Sorts of Bodies, hieing made up of ramoua rarta^ '^^ '^ 
in which thete aee- a great many little Coit^eit tfa^ tbr 
^uts of tibe fecond E^men): cannot get ijxtd^ they muft 
<;Qntatn a larger Quantity of the Matter of the ferft £** 
lenient^ than othercombuftible Bodies genemlly do : Now 
diis Matter of the firft Element, confpires with that of 
the Fif!e> to drive away the Globules of the fecond £le- 
snent, and contributes tojtnake the Parts of thefe Sorts oi 
jLiqoors the more lnilamm.^blei« 

i^ When I fiud.that one Condition necefiary to make t«* ff^y , 
a* Body capable of noufHhing Fire, was, that it muft be|]^^^J^^ 
poroMs (an^ its Pores.niuft be tilled .witia fame Matter, '' / 
becatife thm ia-novMnnMMi'in Nature^) I did not mean^ 
that its Poles flioidd be filled with fuch. Matter as can 
hardly be driyen out ; for that is much the fame Thing as 
if it Ind Jto Pores at allt Thus, green Wood, whofe Pore* 
^re filled with a great 4eal of Water, will fcarce bum at 
all, in Compariifon with dryWood, out of which, the'Air 
which gets into the Place ;^flefled before by the Water, is 
yety eafily forced -, aild thus Hkewife, a Lmnen kag dip« 
pod inJpui'^t^ti wh^ it is fet on Fire will not be burnt, 
Krcaufe the Fire which is nourlfhM only by that Spirit 
^.,no more Fol'cethan is fuiHcient to ky hold of and 
cakry away the P^-ts of the Ajna-Vita;' fo that it cannot 
agitate the Parts'^of the Rag, fo long as it contains foine 
Mher Bodies befides Air in its Pore$# 
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ROHAULi's SYftTsli Partlil^ 

13. If wt cOiifider the Iflg^ients of which (i) Gun- 
powder is made, we ihall find that ic has all the Coiidi^. 
tions reauifite to make a Body take Fire with the greai^eft 
Eafe. It is a Compofitioft of Su^bwr^ Sab-Piter ami 
Cbarcoaly beaten together a good whik in aMortir, zmA 
itow and then a little IFaiir in whublAmi ba$ btmjUickid^ 
poured upon it ; This Mixture becomes a pretty hmnl 
Pafte, which in paffing through a Sieve^ conforms it ielf 
tb. the Bigneft of the Holes, and is divided into finatt 
Grains^ )¥hich are afterwards dryed with great Care*. 
. 14:. Now Su^buTj k in its own Nature combuftii^e^' 
lieqiufe it . b oily : And if it does not fo <aiily bum? 
when it is m llie Mafi, the IMbn isy becaufe its PlartB 
are tfa^n a little too much compiefledy and befides noe 
being Very fqlid, they are not able to drive from thenr 
a^lways the. Mailer of the fecond f^etnent. The Sab^eter 
is compofed of very toM Parts, and which are of fiidr 
a Figure as take up more Ilo<Mfi y^htn they are put ia A- 



(t) Gmt^cfwdtr) The Caafe of 
the Esplofioo of Gunpowder it 
that oxpliJlM^ hj the Hmom Slf 
J^t Ammmi < When Ounpoir* 
" dcr ttkct FirOf it fpei away intiio 
flaming Sndk^. f& the Cn»tto»l 
and Salphar eafily ul^e Fire^and ttt 
Fire to theNitre, and the Spirit of 
the Nitre teiii| thereby rarifled into 
Vapour^ riiihcs out with Bzpfofi* 
oOy much after tHe manner that 
the Vepour of Water mSilet oot 
6f tfri VSoltftla'} t&e SulpKar alfo, 
being volatile, it converted into 
tTapour,, and ad^menta the £xplo* 
fioo. AiMi tite acid Vapour of thtf 
Sulphur, (namelt that whi^h di*^' 
llile amJef M B$U IntoOil of Sol* 
phar) entering triolently into tht 
flx*d dndx of the Kiue. fets loofe 
theSphitof theKitre, arddxdtes 
a gitat Ftrmtmvtittk^ whereby the 
Hettlf furUier augmented^ and 
the fixed Body of the Nitre is alio 
rarifttd into Fame,Cttd the ^xpiofi- 
on it thereby madrmore vehement 
and quick. For if Salt of 'larur 
be mixed with Oaopowder, and 
that Mixtore be warmed till k 
talua Fire, the Explofioo will ht 
more violent and quick tlian that 
of Ooopowder alone : which 
cannot proceed ^m any other 
Caofe than tee AdieB of the Va- 
pour of the Gunpowder upon the 



< Salt ef Tartar, whereby thatSatt 
« (erarified. fhe Explofion of Gun- 
' ptow^der arifef' therefore ffionf thef 
' vfokac AMoB whi&bf sU the 
« Miztnrt, being (^pikkjyaQdvehe* 
^ lii'ently heated. It rarOcd aniTcoo- 

< veriad into Fttme and Vapoar» 
^ which. Vapour, by thu l^ekoeu oC 

< tl^tACUon^ beooming.iir hoc at 
' to flilne, appeart in the Fonift or 

* name.* 0/ffdb, psf» gty. 

So likewire coneemiag A!"*"^. 
fiHminans ,miftkV.0Md ehove^ {Pmrf 
h Cba^, u6. Att, ty) the^fimeex* 
cellcotferibaf&ya, « BmMi Jhdmi* 

* MUf^ cofBpo'ed of Sttlphoffy Nttic 
' and Salt of Tartar, goes off with n 
' ttM« fudden and Violent txfkh 

* fiouthua annpowder* liw miA 
' Spirits qf the Snjpknr a»l Niti« 

* niitTng towards one anodier^ and 

* towarde the 9ak of Ta^ar, wMk 

* fogrealaVmlence.ashgrtbnShfck 

* to turn the whole at oner Intiii 

* yapour and Flaale. Whdre thtf 
' Uillbhitbfi ie flow, it mnhea 

< e Adw EbnlUtion and a gentin 

* Ileat} and vfhere it is quicker^ ic 
« maker a greater Ibail.tlon iHil^ 
« mom ffeat^ and whet? it h 4flM 
« atonct, theBbuilitioditcentni^ 

* ed into a fudden Blaft oe fioleaC 
« Explofiott^ vriih a Heat eful tu 
« that of Fire and FhuBt.* JfcA 
HP $S$» 154. 
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tiMi tfiaii v/hgtn they are at reft, M4di rdpeft t6 
other. And « to the Charebi^y we kw>W thit /fcti 
itisKfe of Woorff extrnguflhed befofe ft h quite burnt 
r, and muft therefore contam jr very gneat Nuiiiber of 
taf&j ta beptit ?ri Motio^fti, arrf aHb a very great 
uffiber of Potts* If'or befides thiMe whkrh were m the 
ood before, tlfet* muft be a gi*eat Number of o^ 
thers ferme4 by the Tfre. And » to fhc Lime-water, it 
B evident, diat it fetves, in the firft Place, to hinder thd • - 
other Ingredients' from taking Fire, whilft they are 
beating iit thcrMortfar, and aHb to ^orineft them a littte 
together. Bot as the feme Thirigs maty be done by % 
great many other Liquors, I don*t fee why this fhoulJ 
ke dfed rather tfalri any of tfjem, except they wh6 make 
Gimpo#der find by Experience, that' the Po'Vvder moift- 
encd by this grow« fooncr dry, mA is formed into hardei 
Grains. 

15. Wherefore, this furprifmg Compofition, which 15. jft^ 
Was firft found out by Cliance about three hundred Years Gmiptm^ 
tffy, wffl very eafiiy take fire; bccaufe the Fire Which^^*'**** 
fa put to any finall Part of its Superficies tnlscrs in by 
Means of the Pw^ of the Charedcd^ \A a Monient of 
Time; and. a great many Parts take fire almoft aH to- ' 
gether j firft thofe of the Charcoal^ whfeh are thfe eaikft of 
ail to be put in Motion ; khd then'thofeof the Sulphur^ 
which immediately agitate the Parts df the SaluPette^ 
«nd thefe being very iblid, and difeting themfelves very 
pouch, are tte Caufe df the ex tftAfe Violence of thrf 
fm. The Powder being in GrsMhs contributes^ alfb 
fcereto, becaufea great many oif thefe Grains can tafcd 
fee together. 

16. (i) Flame is nothing elfe but Fire wholly dif- iLm>M 
Ingagifed from terreftria! Bodies whfchi yet are not alto-* ^^^^ "• 
fetiiCT diflMved, the Particles whereof being by the moft 
leiiement Agitation moved from their Pkce, and flying^ 

Wj conlKtute a very rare, and confequehtly very light, 
lUning Body. 

17. The Pyramidal or pointed Figure of Flame, is tr^fHyrt 
Wng in the firft Place to the Lightnefs of it, which by ''/^'/J^t 
irrying it upwards, makes it open and divide the Air, Fj/unT 

fcich Opening muft of Confequence rtot be fo wide at 

I 

e) nmu hmthin^$ip,BcQ,) It JUfHt ^itbtiOi tmimng 4 ctpi^ik 

fJdme a y^four^ Fame^ or Ex* Fumty tmd tbi% Fiuik ittrttt im th^ 

tion btated rtd-bot^ that it ^ fa Flame* Kswu O^* figejiS. 
tojbhtf Fer Aditt' do mt 
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liie Place when^ it^ends ; and it is^ alfo awing to this, tfaa^ 
the bigheft Parts of the Flame are not fo foUd^ and af| 
jeis agitated than the other, either becaufe they have been 
b«ittered, and worn by dafhing againft each other, or be- 
caufe they have loft a good deal of their Motion, for 
which Reafon they are hot fo able wholly to reiift the fe^ 
cond Element which endeavours to compreis them; 

i8. Becaufe the Parts of the Flame which axe conver- 
ted into Smoke have always fome of the Matter of the 
firft Element going along with them ; therefore thero 
muft always be fome other coming to the Flame from 
the Places about it to fupply its Place ; which camiot 
be, but the groiler Parts d the Air muft be alfo draped 
along with it ;. and this is the Reafon why the- Air moves 
towards the Flame. And this Motion is ftill increafed 
from hence, that the Air is forced to go and fill up the 
Place of the Parts of the Wood which are converted into 
Fire. 

19. The' Matter of the firft Element^ wUch drags the 
Air along with it towards the Flame, camiot he^ drag- 
ging fome of the Parts of the fecond Element along 
with it alfo : Thefe therefore entering into the Flaiatf 
along with the. Matter of the firft Element in whiclr 
they fwim, muft of Coniequence be as much i^tated as 
that, and fo confpirewith it to drive away every Thing, 
that^deayours to fuffocate the Flame. 

20< I think I have not omitted any one confiderable 
Circumftance with refped^ to Fire in general : One Thing 
may be here demanded^ and that is. How it comes to; 
pafs, that if two Sticks be ftruck one againft another, 
hard or harder than a Flint*ftone is ftruck againft 
Steel, we do not find any Sparks kindled : To which it 
may be anfwered ; that the Reafon is, bec^ufo the-W 
being foft, the Parts which are ftruck firft approach 
little fooner to the fecond than thefe dp to the third, 
fo on : fo that a very little only of the Matter of the fi 
Element is driven out of the Wood : Befides the Parts 
the'VVood not being at all ftifF, they- return back very flo^ 
ly into that State which they were in before they 
ftruck : Wherefore they don't break quite ofF, but 
an Opportunity to the Globules of the fecond Element 
enter again into the Pores out of which they w^re forcdi 
Whence it follows, that the Matter of the firft -El" 
cannot loofcn the Parts of the Wood^ nor put them i 
a fufficicnt Agitation for them to be in the Form 

21. 
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21. This is confirmed from hence, that if two Sticky *^.^T 
exceeding hard Wood be ftrucfc ono ag^inft another, ^>f 

ey will produce Sparks of Fire^ ip tbf fame Manner ^hich an 
two. Flints ftruck one againft another. So likewife, "•' ^'^'^ 
two Pieces of foft Wood be rubbed one agaihft another ^^'^m 
for Ibme Time, ib that a good deal of the Matter of the mskttbm 
fccohd Element is pcqpetually.niade to come out of tfiem, ^*''*' 
and the Parts^of ^he Wood put into a more than ordinary 
Agitation, they will not only, fend forth Sparks of Fire, 
but many Times be all of aFlame. . 

22. We might allcdge for an Inftance of the Truth of*** %*' 
tflii, what IS uid concernmg certain People in jfmfncay 
who have, no other Way but this to kindle a ]f ire/wfhcn 
they want one ( hut not to go fo £ur, don't we iee every 
Day that .the Axle-tree of a Coach, when it goes vejy 
quick in dry Weather^ and the Nave of the Wneel, by 
their mutual Attrition will both be fet on Fire ? . 

23. After what has been now faid concerning. Fire "i 111 ^'f^ 
.{eneral-, there is no great Need of faying anyl^hing parti- y-^^^^^ 
cular concerning fubterreammi J^ires. For it is ea(y to Finu 

. aj^hend, that where there are Mines of Sulpburar Bitu- 
nuUy they mufl fend up Exhalations, which meetix^ with 
iubterraneous Caverns, they muft ftick to the Arches of ' 
them, in the fame manner as Soot does in our Chimneys, 
or as Flower of Sulphur does (xi the Tops of the Cbymifis 
fubliming Veflels, where they often mix themfelves with 
tfaeNitre or Saltpeter, which comes out of tho(e Arches in 
like manner as we fee it come out at the Bottom of an 
old Wall, and fo it makes a kind of Cruft which will 
. very eafily take fire. . , ; . 

i 24. There are feveral Ways by, which this Crufi iiiay a*- Sitftral 
t take fire ; one is, the Dafhing together of fonie of its ^^y ^f 
^ Parts which are forced by their own Weight to feparate^^,'^ 
I from the Arch of the Cavern where this Cruft is form- 
[cd ; another is, the Fall of fome great Stone, which 
is undermined by. infenfibb Degrees (.1) by the ftain till jt 
be quite loofened from the RodL which is over this Ca- 

{1) By tbt Utah, &c.) f It it ' contained. AftemTtrds by perpe* 

not only probable that Stones are < taaL wearing they grow Ie£i and 

brokeo off by their own Wcighf, * lefs^ and in length of Time be« 

bachccaufa Rivers roa over them, « comftfo wcfUlc, that they are tti 

the contiouaJMbiAure weakens the * longer able to bear their own 
Joints of the Stone, and is every . < Weight* Then Stones of * pvo* 

Day getting it off from thofe which « dig'ovs Wdgbt fail d(HM^ ; and 

itii fiiftenedto, and (as I may fay) * thofe Rocks tumble^ ^c* Setuca, 

ftiTing offthe Skin in which it it iVtff. S(u^. Bwh 6« Gbaf, %%^ 

Vol, IL N ^ Vem, 
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vcm, and fo tumble down, and brcafciitg in Pieces! 
feme jwrt of this Cnift, it fets it on Fire in the fame manH 
ner as we laid the Americanr^ let two Pieces of Wood on 
Fire, by rubbing them one aeainft another 5 or as the 
.PdHfcs in the GUifpowder-Mnls fomctimesfet the Pow- 
der on Fire^ in pounding k, if the Materiab fbdi chance 
to be but a little too dry : A Aird v$^ when pne Stone 
as iti^dls {hikes againft another, and fo produces ibmc 
Sparks which fet fire to the combuffible Matter, that is 
near ; to which we may add farther,' that a large Stone^ 
in faffing from a very great Heighth m thefe fuDtcrrane-' 
ous Gavcms, may by the Swiftnefs of rts Fall, force the 
Air (whldb it meets with, and which it caufes to af- 
cend,) to more fo extremely fwift, as to put fomc parts 
of the terreftrial Matter which are there, in as great Agita- 
tion as the Matter of the firfl Element, and which may 
coiifequently { 1 ) fet on Fire all fiich combufHble Things 
as sire in the Way. 
^tr^^ 25'^ All the fiAterraneous Fires' which arc kindled in 
fuhterrant' the BoWelsof the Earth, do not always break out fo as to 
Mt Ftret befeeii jf ibr they may be immediatdy choaked as foon as 

jw'fA^^r. **^^ l*^^^ fcr want of Vents or Holes for the Fumes to 
* exhale through : So that thofe People who Kvc upon the 
Eardi under which fuch Fires are kindled^ may not al-* 
ways perceive them^ 
a6. flow * 26; However, if die fufaternmeous Gavem be filled 
flxaSw!*^ Wirii a very denfe Exhalation, fuch as that which a Can- 
dle fends forth when it is jufl: put out, it may take fire 
all at once, and by dilating k felf, Uft up die Earth which 
is above it, in the fame manner as Gunpowder put into 
Min^ lifts up the Ground under which thofe Mines are 
made. After which, when the Exhalation is fpent, the 

* Earth which is lifted up^ falls down again by its own 
Wci^t ; and in this manner are Earthquakes e8e£l?ed 5 it 

- may- alfo happeii, that one fuch Earthquake may be fiic- 

* cceded by fcveral others, if there be fevcitij Caverns nca* 
'tme another, which have any Communication with 
-other, fo that the Exhalations they are filled with ma 

be fuccei&vely kindled^ 

(1) Sit on firt^ ftc) A much oF ihae L^tiors, crj •f iRrliat 

tsore probable CUufe of the fcttih^ call Puhou tuUmant^ Stt 4 

•■fire than loy of thtie, it futh jirf, i^. 
• Ftmtmmien of Vafimiv n tAac 

27. 



17. It msgr b faoppen, that ft fingk Cavern may be ^7* Hw» 
lib hrgts^ and tlie Traa of I^and wUcb is as bjiv Arch^^ZTi. 
over it, vpoif be (b great, eist i( may 4i«ide s^Eiinder ^m^ \^. ' 
ffnd open towants the Middle, and th^thm- tbMaboitts 
snajr fink down much deeper than tfaey iveve befovs :,And 
this explains how whol^ Towns may b^ fwailow^ \spihf 
IB fingk Jgarth^piake, 
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Qf FOUNTAINS. 

THOUGH we cannot oonfider dieOrigin of Foun* t. Thsi tk$ 
tains without Ibme Kin4 tt Admimion ) yet the£n- ^'^Z 
quiry into this Origin, doe$ not feem to b$ i^y very comfi^J 
dUicMk Things For lirft, if we confider, that the /^ Sut. 
Sptlog^ qt moft of them never dry up^ and that the Ri- 
vera, which are a Colle^ion of theo^ though they nm 
continually into the Sea, yet never fwell it, we ni^y ea^ 
fdy conclude, that tl^e S^ fiirnilfa^ all the ^01111(9108 * 
with Water, 

2. Moreover, (eeing 'tis manilbft that there ar^ a p^eat a. «w tU$ 
Number of Chinks in the outward Earth, it is'^nafonahle^^'J^*^^ 
t6 ihink, that thde ( i ] are like fo many Chamv^ through ftUm. 
which the Water is carried from the Ocean, by its own 
^ Weight and Liquidneis to the meft remote {Places where 
) we obierve the Springs to be. But becade h^vy ]Liquor$ 
contained in ]aige Veiiek, keep» themfelves upon a Le- . 
: vet, and do not rife higher in one Place than in another f, 
we don't fee how the Water wfaid^ <:onies from the S^ 

{i) Art lihp many Cbannttt,9K») crea£s tjl»e& Waters by bang tdded. 

To which we may add, that Raia to them ; or rathrr thit they IVtake 

And me!ted Snow, and Vapoort np the princ'pil Part, if act ^uiic 

mibd otttof tfajr Seaby»the Hracof the whole of' them. See Vmrem, 

the Sua, and driven by the W nds Gtogr, Bo^ L C^a^ i6. Praf» $• 

Son the cold Sldei of very high C'erc'i Phyf. J9«oib tl. Cbap. 7. y<^» 

euntaint, on ^ich^they ftick, be- rf tht Orig. rf the Nile €auL otbttf 

lag condenfcd ^y the Cold^ and run Bivtn^ Qktf. V and VlU. andtU 

through the Chinlv of the Earth Fhilcf9^6KairrsnfaSion*,Numh,ii^ 

and St6net, into Receptacles of Clay and i9z« 
»«ISt«a6tw;ikfaarewlihiiiAt| in 
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' Ihciuld rife-higher in BurgtmJy^ .fer Exasiple, or Chamr* • 
paigfij wJiere the Springs of theRiveriS#/».are, than in the . 
. Sea tiBiit.Havri-de''graCi whore this Rivei difiiharges it 
ieif.' iAnd'yet the Countries of Burgutufy and Cham" 
fiaigfiy where thefe Springs are, being fo much higher 
thah the Surface of the ^^ as the whole Fall of the 
River Sein in the whole Length of its Coiirie js» w^ muft 
conclude that the fmall Veins of Water, which reach to 
the Places where thefe Springs are and fumifhes them with 
W^^r, muft rife fo much^above the Surface of the Sea, 
Wherefore we muft find out the Caufe of the Waters' 
being raifed to the hollow Places in the Mountains from 
whence we fee them come, and alfo explain why, when 
the Water in the Sba is fait, that in thefe Springs is 
not fo. ' 
%, That the ^^ We Cannot acquicfce~in' the Ofiinion of fome Phi- 
^^r^r^ lofoph^rs, who afcribe to the Parts of the Earth which are 
uftbt fVa- above the Veins of Watar, a Power of fucking and draw^ 
tert by Sue- jj,g them up to the Tops of high Mountains ; becaufe we 
'""* arc fure that SuAion prefupp^s a Power of moving it 

fdf in the Body that fucks. Thus we cannot fuck up any 
Liquor without fwelling our Bodies, which we OMght 
not to prefiime that the Earth can do ; and the 
Comparifon they bring of a Sponge dipped into a lit- 
tle Water, fignifie? nothing : For, befides that there 
can be but a little Water raifed up in that Manner, it 
would follow, that the Water in the Springs would be 
ftk, becaufe Salt can very eafily pafe through all thofe 
Places where any confiderable Quantity of Water can 
pais. 
4. A«&- 4; Nothing can be more abfurd than the Opinion of 
^•fimFbil ^^^^ ^^^ Philofophers, who are perfuaded that the Wa- 
ifpbtru ter of the Sea extends it felf to thofe Places, in the high- 
eft Mountains, where we find any Springs, becaufe the 
Sur&ce of the Sea is higher ftill than thofe Places in the 
Mountains : For if this were fo, it would follow, that 
the Rivers which return irito the Sea would afcend and 
not defcend. 
^.Thattbi 5*. That then which appears to me moft reafonable to 
^'^'"^/'^thiiik. concerning the Manner in which Water is rajfed, 
i^tbeFtrm ^^^^ ^^^ Vcry low Placcs, and which are at fucji a Di- 
rfyapours ftance from the Sea, to which their own Weight and 
wp into the Liquidncfs brought them firft, is this ; thit it is diflblved 
^omliL into Vapours by the Heat which is in the Bowels of the 
Earth) which Heat is foui^d by Experience to be the great- 

er» 
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cfj-Ae dcqwr we go-: Now thcfe Vapours cannot extend* 
themfelves,. nor continue on their Motion conveniently • ,.. 
hf exjKuiding fide-way^^beeaiife th«e are others whicheri^ "! . / ' .' 
deayour to dilate themfelves gt the 'fame Time on all 
sues; who^orc they muft neceffarily rife up trito-the ■ 
high- Mountains : And this is fo true, that ibmeof-theni * 
arc ouried up into the Air, where thc^jj are aftertvards 
foimed into, and compofe Rain, Snow, and Hail. ' .,... .^ 

-6. This being fo; It is eafy to app^end, that thefe 6. Thmtbijk' 
Vapours, when they come towards th6 Sdperfieies of the '^f^*^* V '* 
Earth, vrpm the Parts of it are cold, muft lofe a t^^^idjuf^ 
deal of their Motion : So that not having Motion enough piy the 
to rife any higher, there remains only fo much as is fufr/>^'>?» 
ficient to make them Aide by each other, and gather in^^'^^**"^* 
to fmall Drops of Water, whofe Weight makes them run- 
downwards; where a great many of them happening t$» 
mcef together, they compofe a fmall Stream of Water, . ^ *' 
which runs on further to fome Place -wh'fere it unites it - 
fdf with a great many other fucfi Kke Streams ; And thus 
they all of them together compofe a pretty laj^e Vein of ' . 
Wjjter, which finding fome Cleft in th^ Mountain^ for it ; - / 
to come out at ; we ail it a Spring of running Water or * "^ 

. ^Fountain. ^ 

7. The Veins of Water which tbus fupply the Springs 7. Tb^ 

or Fountains, ought to be found in the Cavities of Mouh- ^'y^tfifar* 
tains, that they may come out and run down by their own JJ^^^>^_ 
Weight : And as for thofe, which in great Numbers n^atekv 
lie hid under Plains and Valleys, itis evfdent that 'they caii*^ 
njevcr rife from under the Surfece of the Earth; However,! 
thefe are not wholly ufdefs ; For befides their Ufefulnefe 
in moiftning fome Parts of the Earth, an4. affording nutri- 
cious Juice for Plants, they ferve allp to form Wells and. 
to fill them. . •> 

8. And becauic the (i) Salt does not rife up in Va-J' 'Thatb^th 
pours along with the Parts of frefh Water ; it is manifeft- ^^J/^^J^'J^ 
that the Waters of Springs and Wrfk Jiauft be frefh. ^ought to h 

9. Wherefore, if there be any Springe which fend forth /'''A 
Salt-Water y as there are fon^e in Burgundy and Lorrm»*y ^'tri^imHy 
it is becaufe they (2) diffolvc the Salt which they< ipnect Jind forth 
with -in the Earth as they ^n along ; as we fhall f^fily he ^"^'•^^^5''* 
convinced, if we obferv^ that theflb V/aters eat up^lhiiir 

(I ) The Sa/t doti^mtrifi iif^ tt£ ) other SjtJrt, &c>, as ?t p ifles thrcugh ' 

We may add, that the Salt is gtado- ' the Earth, is precipifated. 
mlly feparated front the Water by be- (»)" Dijfoi-ve tht Salt vtkt'cb ti^y 

in^ ftrained through a great deU of ««f> with, See) See Vareniu$ Ge^r» 

Satfd^ and perhaps being oUxed with B9okU Cbc^xi^t Prop-i^. 
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they forro^rlv wf^, . j. 

^Tt^ZTmt " ^^' ^^ Wwad 9f §a)l:, ^he Vcine of ftifli Waiter meef 
*of mtdi7inl] with any aictallk^.|(dbt^r or axvy MiDei^ ^bAtroever^ 
fTattruott' tl^y uke off fo|»Q of the fin^ft Parts fro«n. thi^ 

hence ^\ks all th^ di^e^-^nt Proj^tie^ of thofe W^tf^rs 
w)ikh have th^r D^itif;A4ar Uics in Phy^^, fi^cb 9» ^UipiS» 
of jR?r^f, St^ i40^f Poufguef and Spmiu 

IT. The Water* of JPWi^^ W vje;ry ^l). ranarj^bja 
foyr thpir ii/is^^, ^K:h v^ry {>robably is owing to their b^ 
ing fnixed with io^e (m^ Bodies tlut ^rc^ in gpeiat A»t^^ 
. tioa, w^ich iii rome^eafure mf^(^}^\^ thofe im^ P^^rts 
vrjiich rife &p firi| in Wine wh^e^ it i$ ^di^J^^y ^^ which 
Chymifls call S^iriu : for if tfoefe Waters he cwied a-* 
w^y, they ipjmedif^ly jpfe all their, V^jrtw, if the Vefl«I» 
tfeeiy arp put i^ito be npt well flopped, 
^husor f •*^' ^^ ^^ is noit 9t ail neceilary,, that all thefe partial-* 
^^ater!med '^ ^^^^ ^^ W^iT^ ftoukj cofltain a^y fenfibk Quantity 
not contain of thpfe foTcign Corpufdb$, in Order for them j^to have 
^il'nih'^lf ^^^'^ Properties wivich we. fee in them. For we find by 
t^^fo/eign El^cperiencej th^ ^<f WS«* ?^-^«^*<w?^»i^f»fc^ 
^«i/Wf in ^ Jarge.C^antity cf Wine, will riot be at all dinuudiih* 
ed, though it makes the Wine a very ftrong Vomit, A 
great many Phyficiaos ^erefore do in vain perplex them- 
^ves,. to find.out by Piftillations what thofe fore^ Bo<- 
(lies vc which ar« contained in medicinal Watei:s. ' 

J3« The Vertuf af^^ibed to fome Fouixtaijw, (2) of pe-. 
tricing, or turning into Stone, fevcral Sorts of hard Bodies 
thrown into them, fuch as Pieces of Wood, Bones, and 
Mu/kroon|S|i oonfiils in nothing elfe but this, that they 



trifytw^ 
Sfrtngu 



(i) R$marhahle for tbfir Htat^tccA 
J^ee Setucd't Nat, S^ueft. Book HI 
Chaff»24., and Vtren> Gcogr. Bool^ 1* 
Cintj^» If Pfop. 7. 

(2^ 0/ petrifying ttr turning Info 
Stone, See ) *Aere is a River in • 
Tbrace, which if y^u drink ^t it 
^oiU turnyaur ffffWih info Stone, end 
iafii %uitt Marih vfba'ever is fut 
snto it. Coocfrning ^ich Seneca 
thot fpftsks, ia hi» Net. J^e/i* 
B^^ ill. Chaf. %o* «< The Mud of 
*' it is of tli«t Nature, that it glues 
*< Bfxf'esfcge hfr,«nd hardens tJiem. 
•< A ' the DuA cf PttteoIi,\t it toiKh- 
'* e» the Water, it bccomec $tcacy 
•' fa on the contra ty, th-s Witcr, 
•* If it tr. aches anyThin^f lid> Aicks 
** and (leaves to it. H^nce It is, 
** that Things throwa iototh^s Lakf 



« * are afterwards t a ken out onvcrtci 
«< into Stones. The fame Thirg 
** happens in fdme Ptrts of Italy, 
" :f you put in a Rod or a green Ueaf, 
<' in a few Pays afrcr, you take out 

«« a Stone** -»— A-'d Pl'V* ^^^ 

U. Cha/f* 103^ *« In the Ckofit Bi. 
<* ver, and in the Lake cf f^eliwsft, 
<' in the Cauntry of Marc a di -^«m 
'« r9»»# Word -caft in, is ccverrd o* 
<' ver with a 0ony Baik, ard in 
« Suriut, a River in O/c^/i j fothat 
^' a hard Bark c*. moaon'y covers o- 
<« ver the Stone ftiH. 60 l^^ewtfa 
*• in the KivttSiiarius, bey nd A'lrr- 
*< rentum, sx>t only Rrds put in, but 
<' alfo Leaves turn into Stone ; The 
•' Watv i» othciwiic veiy whole* 
*^ iome to drinjc*'* 

con^ 



29* 



• \ 



Paris. 



cwtavi ^ ibej9, a graat cM of tl^t j(m^rial Mattcfr 
vrhic)x vrc before, fanl h^ps tp i^mte it(e more gitiis Pajti*- , 

aiMl Marble^ a viilbie Qy^tjty x)f which is found (x) ini 
the Tpbe$ which hsmg the Waters of wf-/W/ aad ^^ 
ta * this. City ^. which Matt^ i$ ilopped \njbf^ Poces laf * 
thoCb Bo4k» h that tW arc filled with it. Aad of this > 
w« hav^ an yndjCHibted Proofs bocau& the Bodies thu$ pert 
trified 9ffes{T Ao toag^ por9us, hut are xpuch iwder and 
heavier tfem they were before. 

. 24. If «iftea4 of tl^t terreftrial Matter now laentifiK l^ Pf 'jj* 
tioL Wifed uff by .the Heatxrf tiie Ear* in the F^qi^ of SJ;"*'*-^ 
Focfolations alo^ with a very great Qi^tiity 0^ Va-*- 
pours, this fame Heat fhould ra^ife i^p a amfiderajble^ 
Quantity of greafy Exhalations, which might come to 
unite together and condenfe, when they meet with the 
c<^ Part;^ af ^ M^witain^ th^ wai4^ I902^>^ ^^- i 
jgieafv Liquor, and confequently We fliould (be (2) a Spring 
runnmg with OiL ^ut th^ can hap^n but very feldom, 
becaufe fuch Exhalations z)[t much harder to be raifed up 
than Water. And if jthere be any IHlle Veins of Oil to 
he met with at all, it muft be In very bw Places, fuch as 
Mines aie# . 

15, There jjie other Springs which are rci^arWi '?* ^ ^ ' 
bJe, not icff any particular Vertue that is in their W^a- ^S^TJSif,^ 
ter, but only becaufe (3) the Water runs at a certain tain* 
Time, and keeps a certain Period : For thefe Springy 
are pbferved to run when the S^ flows, and to 'fto^* 
when the Sea ebbs. It will be no difficult Matter to^ 
account for thi>, if we confider that all the Way^ 



(I) In thi Tu^s^^c.) f Awhitifh 

# Md cooimonly fulphuriih Water^ 
f ^Mrdeiu above the €ai|tia apd 

* Tufccs.' Sfwe€0*g N^t, Slu^fi. 
BooklXU Chaf 20. < The Springs 
f zt Ma ffurg h^food the Mhiae ia 

< Gnmariy arc iibc^ alWI their W|itcri 
« make a Pamice f^one aboiit t)ie 

• Banks/ Piinj, Bock y» ch, 5. 

(%) A Spring running with Oi/, 
^c*) JPofyehfus relates^ < Tkat near 
« Sols, a City of Ciiicia, there was 

< a Spring that fuppfied the Place of 

« OU. TU^rafiits k^, that 

« there «^at a Spring in JRthiopin^ 
f which had the fame Vertue. That 

* the Water ulT the Spring Lyeos 
« youM fyuB Igr ^ttin| a CaiKlk ;o 



^ !t ; and the (aove is reported of iff f 
f haPanS,* Plim Btek y. Ch^. »• 
Seme fuch Sort of Spnpgpare nowtt 
be found alfo* Set Varem. Ce^n 
Book h Cbap, 17. Prop. S. 

()) lh€ Wat^ runt at a mrtMn 
Tinu, See.) * There is a Spnuig ia 
th« Form of a Well near tha 
Tempie of Htreuki at CaJias, 
which fometin^s rUea and falls aa 
the Set does j »t other Times it 
does the reverfe ; in the fame Place 
another agreed with the Timet of 
the Sea.* Flinfy Bptk |K C^. 
97* There are feme Springs now'to 
be found whxh do the fame* Set 
Fartn. Gtogr, Book h Chap, 17. 
Prop, 17. 

from 
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from the Sea to die Mountain wl^enp ^7 one of thefe ^ 
eXtraordinaty Springs is, there is a Channel, into which 
the Water of the Sea enters but a little, the remainins ^ 
Part df it being filled with Air only, becaufe it is above 
the Level of the Sea : This being fuppbfed ; cv^ry Time 
" ' the Sea flows, it rifes up in this Channel and fills it fuller 
fhan ordinary: And as it riles, it drives along the Air 
s^id Vapours contained therein towards the Head of the ' 
^ring: Whence confequently the Water muft run out« 
On the other Hand, when the Sea ebbs, the Water in - 
',the Channel defcends, and the Air alfo that b in it re- 
tumstowards the Sea, and carries along with it, s3l the [ 
Vapours that could be condenfed into Water j fo that the 

Spring is dry all that Time* 

• » • . - . 

CHAP. XI, 

Of IP' I N D S. 

• is 

J, QftU TIJA VIN Q thus endeavoured to give an Account of 
pifdiffrUfdM XI what is.moft confiderable in the Earthy let u$ now 
* examixie what pafles in the .^ir, and try tp ^xpl^in what 
are generally ipl^p^Meteors^ the moft common of which 
i^. the Wini^ that is to fay, that fepfi|;)le Agitation of the 
Air by which a confiderable Part pf it is carried out of 
one Country into another, 
t. TAtf* the ^' Now if we confidcr that the fluid Matter of the 
m'fui cugbt firft and fecond Element wl^ich turns round about a certain 
'*^^/!wT" Center, defcribes an entire Circle fo much the fooner as • 
^«7/o^ the Circle is lefs ; for Inftance, that which turns about 
in tbt torrid^ the Sun, and is near it, ni^es a Revolution fooner than 
^**'* that which is further off j and that which is about Jupi- 

ter ^ and very near him, complejits its Courfe fooner than 
that which is more diftant i we fliall be apt to think 
that the Cafe is the fame with refped to the Matter of 
the firft and fecond Element which encompaifes thf Earth, 
and turns about it ; and confequently it fliould feem that 
(i) the fluid Matter which is about the Equinoctial Line, 

' ' ftiould 



N 



(i) Tbt fuid Matter mfbidb h a- We may iM, thiat th^ Son, lA feM 
bofit tbi E^umHisl^ 5cc.) To this Farti'vf the torrid ^ooc very mudi 



Chap.-! k. of Na t tr r a l Philosophy. i6f 

ihould take up a little more Time to finiffi its Revohi-r 
tion from Weft to Eaji^ than that Matter which is about 
the two Poles, where the Qrcles defcribed by it are the 
Icaftof aU: And becaufe the Earth is always carried that 
Way by this Matter, we conclude, that it muft be! carried 
with a mean Velocity betwixt that of the Matter which 
is nearliie P<des, and that oi the Matter which is near * 
the Equator ; that is to fay, it advances not quite fo faft 
fifom Weft to Eqftj as the Matter which is near the Poles ' 
.does^> and a little feAer than the Matter under the Equa- 
tor 5 where confequehtfy we ou|ht to perceive a Wind 
fiom Eaft to Weft-: And this is what sill Mariners have 
found by Experience ; - who have always obferved the ''- ' 
Wind* on their Bacfcs when they fail from Eaft or W^ "^ 
in the torrid Zone, and alw^y the conti^y'Wind when * 
thty b\\ {torn Weft \oEtift. 

3. Becaufe the Air becomes of the fame Nature with 3. of the 
the Country through which it pafles, and is very much ^«tf««»/ 
heated in going over fandy Places, which refleft almoft *^ .^ 
^ the Rays of the Surij ^d very much cooled^ in. 
paffing over Water, which abforbs almoft aH the Rays ; ' 
it will ciafily appear, that the Wind which we «re fpeaktng 
of, muft considerably cool thofe Countries into which it ' 
is carried over a long Traft of Sea. And thus we ap- • 
piiehend the Eaftern Parts of j^ica to be very temperate, ' 
though they be the Middle of the torrid Zone, becaufe 
they are perpetually cooled by the Eaft Wind which 
comes thither from the Perfian Sea : But it is otherwife 
In the Wejiern Parts 5 for though the Eajl Wind prevail 
there as it does in the other Countries, yet it does not 
come thither till it has had Time to be heated in pafltng 
over a great many fajidy Countries. 



• ■K 



^nfietthe Air which jt it ererr Day 
slmoA dindly over ; and the Air 
thus rarifiedy becaufe «rhen the San 
is aboat ietting, it cannot take |ip fo 
nitich Space, muft necefliurily be poa- 
denfed bj the Force of the den^r and 
lieaTier Air rufliijig upon it from 
the Eaft, Wherefore ihe whoJe 
Alafg 0) Air muft conftantly folJow 
the Sun, tiiat is, flow toward^ thp 
ITeft. See QUrcU Phyfcky Book III. 
Cbap> $, and tbt Pbt'iofophisslTrap- 

But concerntBg the Wind's blow- 
iBg from the £aft in the torrid Zont, 
Anfiatk . 6781 diii fi btr^ . tin 



l^QtthJFind ctafit and cannot pttU' 
tratt any fart btr \ »^off <^« Southern 
Coaft beyond Lybia, a* tbt Wind 
bUnvi North and South bert, fo tbtrt 
tbt Eaft and Weft Wind always 
blow Jucctjfimtiy by turni. Meteor a. 
Chap. 5. h it a very moondtrful 
'Jbing ({ays Fred. Bmaventur^tbai 
tbe oid^ Fbihf*ffher%y Vfbtn neither 
be nor any of tbe Anti^nts, at we 
believe, bad found out vfbat tkofe 
Countriet were, Jhouid yet jo truly 
and fo exaSly declare wbat JFind* 
did blow and wbat did net, in tbofe 
Fl0Ci$ wbtn tbey bad never been* 



The 



4. fnf tin j^ Xhe Sun cannot but dilate the Air by heating it, and * 

Jil^^n'tL ^^ ^**^^ '^^® move fometimcs one Way and foineitimcs 
Morniitg. another in the iame Country, according to its dilC^^t 
Pofition with refpeA to that Country ; and th^ i$ itfae 
Reafon why we perceive fcveral Sorts of Wind*. TJiusr 
for Inftance, when the Son riii^ with us^ it dilutes the 
Air which it h perpendicularly over, andeaufes it:-6y^9 
move every Way, that fome JParts of it muft come; t«^ 
wards the fViefi, where we are; Whence it follows^ that 
we ought then to feel the Wind fropx the Eit/i^ 
^^Mi^hi 5* ?^" ^^ contrary, when the Sun fets, the Ajf which- 
iiw'htbt 15 3ii»aiy under it, by dilating it fdf every W*y> m^A 
^vt»hf;. have ibme Part oJF it come tpwards the Eqfi^ w^r^ we 
^bcn are with Refped: to the Sun ^ Wherefore- we Ought 
to perceive the Wind to be fFt^ then. And. hccmk • 
what we have faid of our Country, may be applied to 
pdieri W^^^^ out of the torrid Zone, we may aiTurQ 
our iUves, (hit the £^-Wind blows in thofe Places m 
the Mornii^t and f be i^^-Wind in the Evenings 
SJ^!I?T/*' ^« Further J It is to be pbicrved, that when th^ Sun 
l^orth tff dilates th^ ^i^ which is diredtiy under it when it is in thp 
AM«*i0jf. Meridian^ part of that Air muft be lifted high up, and 
then carried by its own Weight towards that Pole which 
is next it, where it drives forward the Air that it meets 
with,^ and forces it downwards towards the £quino(9:ial 
Circle : Thus it i§ evident, that at Noon-Time, in. any 
Northern Couptry, we ought tp feel, the Wind blow from 
North to Sfiuth^ and alfo to blow downwards. 
y. fFl^ tbi 7. Without doubt the Sup l^s no Power .over thofe 
South- Countries where it is Midnight ; yet becaufe the Heat 
§t Midnight which it excites in the Day, i:ontinue^ for fome Time on 
the Earth, this caufes a large Quantity of Vapours to rife 
up which are hindred from afcendipg very high by the 
Air which the cold Night condenfcg i fo that they are • 
forced to move along upon the Earth froin the Equinoc- 
tial Circle where they afcend in very grea^ Qu^tities ; 
and fo carrying the Air along with thcm> they caufe s\ 
Wind from South to Norths in thofe Places which are on 
this Side of the Equator, 
t. That the ^' Thefe four Winds which blow ?n their Turns, fro^n 
l,»A-mnd the four principal Quarters of the World, ought to 
fi^fJ!rtbL ^^^^ difFerent Properties. And, Firft, the Ea/i-Wind^ 
•>/* wift '" which prevails in the Morning, ought to be ftronger than 
H^ind, the IJ^e/i'Wlnd ; not only becaufe it confpires with the 
firft general Wind which is obferved to blow continually 
— - between the two Tropicks, but alfo becaufe the Air which 

dilates 



d3ates it fclf and blows towards the Wijt^ tends towards 
a flacc where the Sun havii^ been gone from the Me- 
ridian eighteen Hotnrs, the Air has nad Time td gfow 
cool, and to be conliderably more condenfed than that 
towards which the Wefi-VfXxA tends, where the Sun is 
but fix Hours from the Mc/ridian, and wbtre it caufes the 
greateft Heat and the greateft Rarefaction. 

9. The Js/irfA-Wind ought to be pretty ftrong, becaufe.9- ^'^ «** 
it is excited by the Sun when it has the moft Power, ^^i^\^^ 
viz. when it k in the Meridian. Axid on the contrary to S^firongtr 
the South-Wind ought to be very gentle. i^wma 

10. As to any other Qualities of thefe four Winds, ^Vi#r /I* 
thofe that zreJfrQnge/l ought to be the coldeft^ according prongeji 

to what was faid concerning Cold in the firft Part of this '^•<''**«*' 
Ireatite. ^a/^,^, 

tu Further, it is evident that thtkjirong Winds ought » ». 'that 
alfo to be the moft capable of dryings that is, of diflodg- ^^?^7|*J^^ 
ing any Particles of Water which may be in the Pores or J^*^, * 
upoil the Surface of terr]pftf lal Bodies which are expofed 
to the Air ; fo likewife oh the other Hand, the gentlejl 
Winds ought to be the m^ifteft^ Hot only becaufe they 
cannot, give the Parts of the Air a fufficient Force to 
diflodge the Parts of the Witer which they meet with ; 
but alfo becaufe the Vapours which are in the Air, not 
being in any Agitation, eafdy ftick to any Bodies which 
come in their Way. There is a particular Reafon wlw 
the W^^-Wind ftould be moijl^ and that is, becailfe it 
moves contrary to the general Courfe of the Air, which 
is from Eqfl to Wefl^ and which caufes the Vapours which 
furround the Earth to have a Tendency to move the fame 

' Way, and fo makes them gather together on an Heap, 
and confequently makes them more capable of moijining 
any Thing. 

12. It is true,, that what has been faid upon the Sub- ^^^ f^^g 
jeft of the fore-mentioned four principal Winds, ought particular 
not to be found exaftly true any where but in the Mid-^^&l^ 

■ die of lame Seas, where there is nothing to hinder thtjfup m2k 
general Caufe from producing its EfFeft ; For as to any/rm^-t 

'Other places, there are fo many particular Caufes '"^H^- 
which contribute towards the Produftion of Winds, that 
we ought not to wonder that they are fo very irregular, 
and that we do not obferve them in the Order now ' 
ijefcribed. ^ A«fto- 

r3. It is probable that AriJlotU never thought of the t e'l o/i«;(»« 
gehml Caufes of Winds,' becaufe he makes no mention «^ "f '*• 
of them in his Writings, but confines himfeif to parti- ^''/^"yT 

cular t^ind. 
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oular Caufes only. And becaufe be obferved that vVinda 
hav« the property of drying, therefore he thoi^ht, that 
wheni the Wind blew, the Air was then nloved along by 
a Principle which had no Moiflure in it ; (b that he aA- 
Yerts, tTiat Winds are caufed by certain dry Exhalation^ 
which afifing out of the Earth,^ move one partiodar Way 
upon the Superficies of it. , 
Vv'^' 14.- I dQ not deny but that die Exhalations wliicK rife 
^'wJa'*** ^P intothj? Air and take their Cburfe one particular Way, 
much tie may help tQ carry the Air from one CountiV to another, 
Cavfi of anci fo caufe that Agitation which we call Wind^ But he- 
Vapttrlart. ^*"^* ^^ Reafon and Experience convince us, that the 
iame Caufe which difpofes fome terreftrial Parts to exhale 
in this Manner, muft alfo at the fame Time excitea much 
latter Quantity of Vapours ; and becaufe the Water which 
J6 converted into Vapours dilates it fdf a great deal more 
than the terreftrial Parts which are in the Form of Exha- 
)atiom can do ; it cannot be doubted but that Vapours are 
the principal Caufe, and contribute much nK>re to the 
Produ<Elion of Winds, . than Exhalations do* 
K. That 15. The Reafon vfhyrAriJiotUwz^ not of this Opinion 
m^^nd^ makes nothing againft me: For though the Winds are 
iFindsfrm caufed chiefly by Vapour^, yet they ought notwiihftand^ 
*w/«f tb€ ing that to have as much the Property of drying as if they 
^^^ '^' proceeded wholly from Exhalations ; becaufe the great A- 
gitation which the Particles of the Air and Water are in, 
makes them -carry off a great many more Particles from a 
moift Body than thofe new ones which they leave upon it. 
16. ^hat 16. Nor is it to be doubted but that the Winds do fix 
'mn^but ^^^^ ^^^ Particles, and that there is no Wind, how vio- 
x»bat is lent foever, but does fomewhat moiften a Body that is per- 
•wfi/*. feflly dry : For we find by Experience, that if we dry a 
Linifen Cloth before the Fire, till it will fmoak no longer^ 
fo that all the Moifture is gone out of it, and thenexpofe it 
a little while in the Wind, it will not be fo dry as it was- 
before, but if it be held to the Fire, it will fmoak again.* 
17^ 0hat 17. What has been faid concerning Winds is confirm-^ 
'^^^'^'ed by Experience in an Molipiley which is a Veffel made 
/, ctiififmtd ^^ Copper or any other Metal of the Shape deferibed in 
iy Bxperi- . the Figure. The Cavity of it is at firft full of Air only, 
mJisIc ^^^^^/^f "^^de to dilate it felf, by putting it near the Fire 
Tab.'^xv. .^^'^ 'he far greater Part gets out at the Hole A ; then 
Fig. 6. the fmall Neck A is dipped into a Veffel of Witter ; and 
' ' as the Air in the Molipile condenfes by growing cold,^ the 
Water enters in, in the fame manner as we formerly laid 
, the common Thermometer was filled with Aqua-Forth. 
■ TI«» 
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nrhis being done, the MolipiU is placed in the Situation 
you fee in the' Figure, and the low Part DEF refting 
upcxn fome red-hot Coals, the Water contained in it^ 
rifes gradually in Vapours, which fly about in the Space 
t>CBF, and dafh againft one another, and make thofei 
^^hich they meet with near the Holq A to come Out there 
'with a great Force : Thefe Vapours carrying the Air along . 
mrtth them, produce a Wind, which continues till all the 
Water is evapordt^ or the Fire goes out } and this 
Wind has all the Properties which we obferve in thofe 
which we take Notice of upon the Surface of the 
Earth. 

i8. We may compare the Cavities of Mountains to i8. ACom^ 
the Hollow of an MolipiU ; the Heat which is in the ^"""'h^^ 
Bowels of the Earth to the Fire which dilates the Water MZnutm 
in this Veflel ; the Water carried by the Sea in feverai oi^mMo^ 
fubterrancous Channels, to the Water contained in if. and ^*P*^* 
the Chinks of the Earth, through which the Vapours gef, 
to the Hole of the Molipile. But becaufe the Smallnefs of 
this Hole, contributes to make the Vapours come out 
tlritb fe great Force ; and becaufe it is very probable diilit 
the Chinks of the Earth are not fo fmall, or at leaft, that 
the great Number of them is equivalent to one large 
Hole; therefore it is very difficult to believe that the 
Winds fhould be fo violent ai they are fometimes, if fome 
other Circumfbnces did not contribute to their Violence. 
Now it is certain (i) that there are Mountains fo rangecj, 
that they Will not fufFer the Vapours which come out of 
the Sides to take their Courfc but one particular Way 
only, and this muft make them go with great Violence 
and Swiftnefs. 

19. And if theife be a large Extent of Country in 19, that 
which there are no Mountains, there may notwithftanding ^^"^^ '""J^^ 
that be Winds generated, becaufe the Vapours which ,^ /^'^,*' 
move .upv^rards at firft, may be determined by proper «;/»«« ri;<r« 
Mifts or Clouds to alter their Courfe and |o move *''* "* . 
fideways afterwards. MtJuf"" 

(1) That thert art Mwniaint ft ** lat ^lace ; When this ift full and 

r^ng^iy %cq,) « Whatever it fent '< Wili ho^ no more, but is preiTed 

** forth from Moora and Rivers ** en one Side and fo gp<s along 

*• (which is a great deal and contiou'* ** one particular Way j this is a 

«< ally afceii«Hng) iji the Day- Time • «' Wind. Wherefore it preffes that 

** is Fewel for ih^ Sun j in the *' Way where there is a freer P>C- 

.<< Nig^t Tinoeit is not confumed, '< f»9e ftr it, and more Rocm f^r 

«* but is cont^ned ^ between. .the .*'. that wh'ch M heaped together to 

' * Mountains^ and kept in a paVticu- ** run into*'.<Srffrc«'i natural Slu^Ji^ 

. r 20. We 



so. mf to. W* may' add to this, that an cJqaal Qaafitity of 
tbl'si^' Vapours is Aot raifed every where alike m this GIoKe 
n^^Uy^i- vrfiich is compofed of Earth and Water; and that thofe 
wi7 in tbt trhich arife out of the moifteft Places, being mttcfi greatr 
SSVww* ^ '** Quiantrty,than thofe which rrfe out of other PJac^, 
aJ'trnwd in hav€ more Power to dfla^e thentfelves and to go towarcJs 
tb*Niibt. ^fioife Places- whicfr are dry. And this is the Keafon why 
when the Stm heats the whole Hemifphete upon whicp 
it ftines, the Air is carried from the Sea to the Land, 
itnd fo caufes a Wrnd from the Sea : Wheteas when the 
Son is fet, becaufe the Earth preferves its H^at mucfi 
longer than the Waters, which lofe theirs in a very littfe 
while (according to that Law, The Ufsfolrd Bodies arcy 
the ttf$ while do they preferve their Motion) therefore mom 
Vapours muft then arife out of the Land than out of the 
Water, and confequently, they will carry the Air along 
wkh them from the Land to the Sea, and fo caufe a 
'Windyrw« the Land. 

■^I^HIOHBV* VlHV' V^BV* W^'* rVW^ J^^Bv*^rVVVv flVVV wW^^ ^V^^'W* w^^'* ^v^^^ •••■ • •■"■ *vv^>" • p * ■ ^^^f^^^^^w^"^ www^ ^w^^r^ nv^w VW^^^ 

I 

C H A P. XIL 

CfMIS^S and CLOU^DS. 

n^ C O long as the Vapour* and the Exhalations which ao- 

Mi0t »nd company them are in fo great Motion as to produce 

Ciomdt an Winds, and to binder their Particles from uniting together^ 

formed, j^ j^ impoffibfe that they fhould fo much darken the Air as 

to be perceived,., becaufe the Aftion of the Light which 

pafles through it, is not at all interrupted^ nor any ways 

reflcfled ; but when thefe fame Vapours ( l ) come to lofe the 

Agitation they were in by Degrees, and to flop in any 

particular Place in a large Quantity, and the Particles 

of them to unite together ; they mufl: then neceflarily 

hinder the Aftion of the Rays of Light from pafling on 

beyond theni» becaufe there beings a great Number of 

Drops of Water one above another^ their feveral Svtper- 

ficies will refle<a: them all : And tlius the Air becomes 

dark, and a Miji or a C^^^ begins to appear in the Place 

(I) To lofe the Agitation ebey Clouds tfi^ RaIo* Stc the N^jftt't* 
$»ur4 in, Sec,) For the Ca.reg *4»f Cha^. is. Parih Art, 41. 

where 
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here this ColIe6lion of Particles of Water is, and of fuch 
Bignefe as the Space which it poflefles. 

2. If the Partides of Water which ftop in this manner J^ ?''. 
d are fufpended in the Air, retain fo much Motion as to c£di»e 
p by each other, thev muft compofe a great Number offimetimeg 
ry fmall hnperceptible Drops of Water : But I^ their 'T^'^jf 
'otion be entirely ceafed, it is evident, that becaufe they f^'^ ^ 

p by each other without any order, they muft oompoK/aMtr/mi of 

a very thin and very light 0ody ; which not being li- ''*'"•/ ^•^ 
quid, ought rather to be called (i) Ice, or very fine 
Snow, than Water. 

3. But whether a Mijl or a Ckud be made up of im- 3. Bvw 
perceptible Drops of Water or Ice, it is certain that nci- ^^'"^ *rf 
tber the one nor the other can fidl to Ae Ground but very |S?2>« '* 
flowly ; becaufe thefe Drops of Water or Parcels of Ice 

have a very large Superficies compared with the Quantity 
of Matter they contain, and consequently have but littfe 
Weight to overcome the Refiftance whith the Air they 
meet with makes before it divides it felf. To which we 
may add, that the Vapours which rife out of the Earthy 
and afcend to a great Height, not only hinder the Mat^^ 
ter of which Mifts are compofed fh>m falling ; but may 
make it afcend (till higher, fb that that which was a 
Mift, may in a fhort Time become a Cloud. 

4. It is to be obferved alfo, that if the Particles of J^^'** 
Water which afcend in the manner now mentioned, in sim^ 
order to fomi Clouds, do not go very far before they lofe ^^ 
all their Motion ; then they do not give the Exhalations, 'ttf^iIlS! 
which arife along with them, time to feparate themfelves ; 

in this Cafe therefore they mufl neceflarily be blended to* 
gether : But if the Vapours have Force enough to raife 
themfelves to a fufficient Height, and meet with no Ob-, 
fiade to hinder them from continuing on in their Courft^ 
for fome Time; then, becaufe they can eafily move 
themfelves and fly off, they will get uppefmofl \ fo that 
there will be two Clouds as it were, the highefl of which 
is made up of Particles of Water or Ice, and the. lower 
one of Exhalations only: And if after this, there arifes 
other Vapours and other Exhalations, which afcend in the 
£mie manner, they will form a great many different Beds 

Banks of Clouds compofed of Vapouirs and Exhabtions 

Turns. 

(1) Ice 9r ^>efj fm Snow, &c.) foch Clouds u tbefe by RdraAi a { 
niog PafMi9Hs and Circlet See Bugtniut^t Pofthuinoot Works* 
chej call a0lo\ Ibnncd la 
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CHAP. XIII. 
Of Raki Drizzle^ Dewy and Evening Damps. 



J:/^"\ A S two contrary Winds may caufe a Mift or a Cloud 



AS two contrary Winds may caufe a Mift or a 
tt>g matter to be formed, by bringing together a great Quantity 

•f which of Vapours into one Place ; fo it may Irappen, that a 
ii? '*" ^®^y ftrong Wind blowing upon a Mift or Qptid, may 
carry o(F its Parts one after another, and make it take 
the Form of Vapoursagain, and fo in Time all the Clouds- 
may be diffipated : However this is not theufual Way in 
which they are diffipated : the common Method is, that 
the Cloud difToIves, and falls all down in Rain : The 
only Difficulty in this Matter is, what ihould caufe the 
Parts of a Body which is fo thin as a Cloud is, to thick- 
en aiid become fo denfe as to acquire a Force fufficbnt to^ 
oirercome the Refiftance of the Air which oppofes its 
Fall. 
1. 7bi rom» 2. If we believe the common Philofopheis or rather 
m 9/ the ^® common People, we muft fay, that this Force is 
faUing of owing to the Coldnefs of^ the Place where the Clouds are. 
Rain, becaufe it is generally thought that Cold only has the 

Pbwer of condenfing any thing. 
%, Hffw 3. I do not fay but that Cold may fometimes contri- 

f^CtfSi^'*"^^^*^ this, by making the fmall infenfible Drops of 
tbefaiitngo/'W^ter which were difperfed about in the Air, meet toge- 
iUt»» ther and be converted into Rain, which perhaps would o- 
therwife never have met. For, I readily own, that the 
grofler Parts of the thickening Air, may by approaching^ 
each other unite the infenfible Drops of Water, which 
otherwife might never have united together, and confe- 
quently make them capable of defcending : I alfo acknow- 
ledge, that when the Vapours are juft ready to be con- 
verted into infenfible Dn^ of Water, the Cold which 
comes upon them, and which condenfes the Air, may 
ailemble a very large Quantity of them t(^ether, fo that 
-they may be heavy enough to falldown j And this veiy 
well exphins how it may fometimes rain when it is ve 
clear and before there is any Cloud, formed : But I thi 
alfo that there are other Caufes which are more com* 
inon, by which the Clouds are condenied, and w 
caufe them to be converted into Rain. 

'. . . ^ ^. 4. Fcrj 
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4. For firft, it is evident, ttet wlien the ff^nd blows 4* ^«' * 
inft a Cloud and does not caxry.it entirely along with f/^ J^A 

it muft make the Parts of. the Qoud approach nearer of Rain. 
h other, and caufe a great many Drops of Wateiv 
[which were infenflble while at fome Diftance from one 
another, to join together, and thereby conipofe very laige 
Drops, whc^e Weight makes them to drfcend. 4 

5. It is alfo evident, that after any Cloud is formed,: <• That new 
there may ftiU rife other. P aria of Water in the Farni of ^fl""^"^^^' 
Vapours^ which may continue to 'be little agitated after cuudmay 
Aey meet with thofe which were' ftopped before, fo '«'** iejaU 
that by joining, with them, they may become heavier ^*/" 
and acquire a fafficient Force to overcome the Refiftance 

of the Air which can no longer hinder them from hU 
ling. 

6. But that which is the moft common and (i) the e, n^t 
moft effe<3:ual Caufe of the Clouds being converted into ff^^' d^et 

I Rain, is the Heat <S the Air which- is near the Surface of ^^^^j;/ 'f' 
the Earth and which is carried up to a confiderable Height tond/nje tb» 
by fome Wind :. For this hot Air, arriving at the tlouds^ c/w^ii mca 
difpofes that very fine Snow, of which they are conipo-i ^^*'^' 
fed, to melt and to condenfe into a great many fmall 
Flakes, which overcome the Refilfance of the Air, and 
fall down, and at laft being, entirely diflblved by the 
Heat which they meet with in thofe Places through which 
they fall, they are converted into Drops of Rain. 

7. And tliefe Drops will be very large, if the Cloud 7* Bowtb* 
bedenfe, and the hot Air gets to the upper Part of '^t;-^''Jf'^^^^ 
for. then every thing confpires to make the fmall Drops of very Urgu 
Water or Pieces of Ice to join a great many of them to- 

i gether, and to compofe very fenfiWe Drops at firft, which 
idefcend by their- owh Weight ; but which afterwards in- 
creafe very much by joining themfelves with thofe that 
they meet with, as they fell through the whole Thickneis 
of the Qoud. 

8. But if this hot Air reaches to the Bottom, only of ^^ ^«w 
a very thin Cloud, the Drops muft ne.cdrarily then be ^'^^^ /^ 
very fmall; and if befides this the Heat of the Air beMa^^. 
very moderate, thefe Drops will be fo very fmall as not 

to compofe Rain at all but only Drizzle. 

(i) Them6/i efeaual Caufe of the the Elafticity of the Air. Sec ^At 
Clouds f ^c.) The moft tft'raual Notet 6nCbap. 1Z» Art, J^l* of tb« 
|&o(e of lUin Is the weakoing of Jirft Part. 

Vor. II. .. O 2 9-^3 
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•^f . Bfw 9. As to Dew^ there is no great Difficulty in compre- 

2X" bending how that is formed, if we confider that when 
it is moft clear and calm, which is the Time when the 
Dew falls, there is always a great Quantity of very fmall 
Parts of Water, which fly about in the Form of Vapours ; 
thefe gradually lofing the Agitation they were in, gather 
a great many of them together and fall down in infenfi* 
ble Drops, which generally ftick to the Leaves of Plants^ 
and then uniting with each other, they are converted into 
Water, and the Dew becomes vifiWe. 
!•. Of th§ 10, This generally happens a little before the Su0 
VbVo^' rifes, becaufe then the Air not having been heated by its 
defctndt, Rays for fome Time, is grown colder, and is thereforo- 
more fitted to aflemble the Vapours which are in it .: 
However, there are Places whexe the Air grows cool a 
little after the Sun is f^, and there the Dew muft ap- 
pear fooner. 
Ti. How II. If the Heat of the Air has been very great all 
^tning jjj^y^ jj j^jy happen in fome Countries, that the Super- 
M«/S! ^" ficies of the Earth may be put into fuch a Motion, as to 
iend forth Exhalations which rife up into the Air al(»ig 
with the Vapours : And becaufe thefe Exhalations lofc 
the Agitation thev are in, a great deal eafier than the Va- 
pours do ; therefore they muft fall down foonei^. Now' 
herein confifts Evening-Damps ; which according as the 
Places or the Bodies exhaled are, may be very noxious. 
For it is very probable, that what is exhaled out of any 
infeAious Places or poifonous Herbs may caufe a great | 
deal more Mifchief, than fimple Vapours raifed out .of j 
the Bofom of the Earth. 1 

ti.A^i' I3t. And it is a very great Miftake to think that Per-. 
gar Mifiakt fons may entirely guard againft the Mifchief fuch Damps 
J'^^X,. *^ capable of doing, by covering up their Heads clofc. 
v« 'T' • Yor as they are drawn in along with the Air in Refpirft- 
tion J it is certain that by entering into the Lungs, thcf 
will do much more Hurt, and more eafily corrupt the 
Blood, than thfty.can do by applying themfelvcs to any 
external Part of the Body, which is not (o tender. 
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CHAP. XIV. 
Of Snow^ Hail J and Hoar-Froji. 

7 X was obferved before, that the Parts of a Cloud may t. Sow 
^ hegLti to defcend though they be not entirely diflblvcd ; ^^ " - 
and that for the moft Part they are not quite melted 
aad turned into Drops of Rain, till they come near the 
Earth, where the Heat is generally greater than it is high- 
er up in the Air : But if the Particles of a Cloud, which 
isonlycondenfed and no way melted, Ml through no- 
thing but cold Air, then they may reach to the Earth 
without being diiTolved ; in this Cafe,' inftead of a great 
many Drops of Rain, we ihall have a great many Flakes 
«f Sjiifw ; which cannot but be white, becaufe the watry 
Matter of which it is composed is very much interrupted 
hj a laige Quantity of Air, whofe Pores agree fo ill with 
tho(eof the Ice, that the Light which endeavours to pais 
^ough, is more eaAly refleded back. 

2. If fome Part of the falling Cloud be melted, and it ^%^^* 
afterwards meets with (i) cold Air which freezes it again, ^^^ ^ ,i^ 
it is evident that that which then falls down mufl be Hailj 

and the Figure of the Hail-ftones will be fo much the 
tiearer to round, the more they were difTolved before ; 
and they will be exa^y round, if the Cold by which 
they are fix>zen again» comes upon them when they are 
^tirdy melted. 

3. Thus ttercmufl be very different ^ortsof Hail pro- j;^.^^^^ 
piiced^ according to the difibrent Degrees of Heat which ^tf;!^^i>y. 

in the Place where the Cloud is difTolved : And if the rtmidt. 
eat be but nioderate, it may fo a£t upon the extreme 
of every little Piece of the Cloud, out of which a 
-ftone is formed, as- to melt them and reduce them 
lb Water, before it can get to diffolve the internal Parts ; 
pd by that time thefe are difTolved, the external ones 

m 

(i) Coid Air nohith frwui it fitlls^ may be torned into Ice or t 

\mny $fXL») It is more likely, that Hail- ftone fai a Moment^ by Ibnie 

\ Water in a Vefle! ia the Som- particular Vapours mixed together in 

(sr -time is immediately turned into the Air. See tU PbiU^bitMl 

n, by externa Uy applying Salt and Trmnf»Bi9n$, JVumk* %%%. 
low ^ £> UkcwUe a Drop, •• it 

O 3 may 
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may be frozen again by the cold Air through which thej 
pafs : So that the internal Parts which are neareft the 
Center, melting, and by that means growing more denfe, 
join thernfelves to the external Ones, and fo form a Sor 
of folid Cruft ; In the fame manner as we fee the Partj 
of a dry Tree recede from the Pith towards the Bark. 
where the Parts are fo clofe and compaft like an Arch, that 
the internal Parts which are condenfed afterwards,- an 
' forced to retire tov/ards them. And as, in this Inftance, 
the Fibres of the Wood which furround the Pith at a cer- 
tain Diftance, when they come near the Bark and take up 
a larger Circuit, fplit in leveral Places, and make Chinks 
like Stars, which are more particularly to be feen in th€ 
Part where the Wood is cut ; fo in like manner, the 
Parts of Water in retiring frbm the Center towards the 
Superficies, as they freest by Degrees, divide froTn each 
other in feveral Places. Thus if it happens that there are 
three Fifllires made which interfed each other in the 
Center of the Hail-ftone^ then it will be fplit and divided 
into eight Parts, each of which will be in the Sliape of a 
Pyramid, the Bafe whereof is the eighth Part of the Su- 
perfic?ies of the Hail-ftone, and the Top of it, the Piece 
Of *<to. ^^ ^^^ which befoj^e was neareft to the Center. 
tber Sort •/ 4. Sometimes there falls fuch Sort of Hail-flones as 
Haii-fioret thcfe, and fometimes fuch whofe Pyramids are fharper, 
7hJrpir!^^ fo that their Bafes don't feem to be above the two and 
J ^'^ ."^' thirtieth Part of the Superficies of a Sphere ; which makes 
me think, that, in this Cafe, every eighth Part of the 
Superficies of the Hail-ftone is again fubdivided into four 
equal Parts by three new Clefts. And if their Points ani 
Comers do appear generally a little blunt, fo as to be like 
. Sugar-Loaves, it is owing to this ; that in thefe Places 
the Heat affefted them more, and diffolved the Particles 
of Ice which were there. 
i.Ofa . 5. The Figure of thefe Sort of Hail-ftoncs is not at all 
viore y.rp^i w^onderful or furprizing compared with another Sort 
'iilih'^ which are quite flat and very thin, and which are fo^l^ 
times cut into the Shape of Stars with fix Points exadlf 
equal, or into that of Rofes with fix Leaves, or fometirod 
Tab. XV. into that of fix Flower-de-luces connected together by 
^^5- 7- Points 5 fuch as are reprefented in the Figure, only 

\it much fmaller and a great deal mgre exa«9:, 
6. iioivfonii 6. Since we never fee ahy fuch Hail-ftones as thefe 
/7.;^5o/- after a very great Wind, there isRfeafon tb think 
4:QrZd^^* ^^^y ?^^ formed pretty nearly in the following mamn 
V"it, the Agitation of-tlieAir.caufcs a great many Pa 
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tides of Waters which fly about in the Form of Va- 
pours ta meet againft each other as they freeze, znd to 
|. compoie Hail-ftones fo very fmall, that they would not 
fell down by their own Weight only, if the Wind which 
blows upwards did not hinder their Defcent.' But th^ 
Wind does really blow ^ainft them, and carricfe them up 
fometimes as far as the lower Superficies of a Cloud, 
where, by that time they arrive, ^ they are covered over 
with Vapours which ftick to them like a very fine Down, 
And now they may better be called fmall Flakes of Snow 
than Hail-ftones, and are fomething like to thofe little 
Things which come oflF from fome fort of wild Thiftles, 
which grow in the Country, towards the End of Sum- 
mer,, and which are fo very light, that by the leaft Mo^ 
tion of the Air, they are carried about, fometimes as far 
as the Vill;^^, where the Childxen play with them an4 
call them Barbes-a Dim. 1 

7. When this happens, thde Flakes pf Snow range 7- ^<v*^ 
themfelves upon the Superficies of the Cloud which has ^r^JlfZ 
been made finooth by the Wind blowing ag^nft it ; and tti lower 
becaufe they are very nearly equal to one another, their Sv/aaofg 
Order is fuch, that every Flake is furrounded by fix o- ^ "'* 
thers, except thofe which are at the Extremities of the 

Leaf compofed by them ; as*anyone may eafily appre« 
hend who has learned but the fim Elements of Geome* 
try ; or as he may fee with his Eyes, if he places feveraj . 
leaden Bullets of equal fiignefs upon a Trencher, or ra* 
ther feveral Counters upon a Table. Thefe latter are befl 
for the Purpofe, becaufe they are flat, as the Flakes of 
Snow we are fpeakihg of are, the Down on the upper 
Part ef them being rubbed oflFby their grating againil the 
Cloud, and that on the lower Part, by the Wind preiTmg^ 
upon them as it blows along. 

8. And there may be feveral Beds or feveral fuch Kind «• 7*«' 
of Leaves formed one under another,* without their ^"^^st^atl'o/ 
jng joined together ; for the Wind, which puts them into tbemmaj k 
an undulating Motion, moves thofe Leaves which are/*''*''* 
Jowermoft fomewhat diflFerently from thofe whi^h are 

above them« But whether there be only one Lea(, or a 
great many of them, we may certainly aflirm ; that 
every one of thefe fmall Flakes of Snow, which an? 
iround and flat, is the ]\f ;|tter out of which thefe Hail'- 
ftones in the fhape of a Star or a Rofe or fix f^Iower-de- 
luces, are immediately formed; for nothing farther is 
4:equired to compleat fo furprizing an £ff^> but only a 
-modi^rate Heat in the Air. . . .... 

O 4 9. This 
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^jr *»• 9. This warm Air may be driven from fome Parts nca^ 

jw%/# the Earth by the Wind : Which Wind bccaufe it can 
^iTiatmsty very eafily blow between two Leaves compofed of thefe 
^*^*' Flakes, where it meets with a dire£l Paffage, muft neccf- 
iarily difTolve thofe remaining Particles of Water which 
ftick up like Hairs or Down upon the Superficies of every 
one of the fmall Flakes. Befides ; this Air, by getting 
Into the fix triangular Spaces, which muft neceilarily be 
kft between the fimilar Fbkes, when they touch one 
another, muft alfo diflblve that very fine Snow which is 
near the Circumference of them into Water ; the Parti- 
XJes of which being put in Agitation by the Heat, join 
themfelves to thofe Particles which remain undiftblved, 
and as foon as they are thus joined, they are immediately 
frozen s^in. Thus the Particles of Water which ftick 
up like Hairs op the upper and lower Superficies grow 
flat and are broken, by being melted and frozen again, 
and every Flake by that Means becomes thinner, and is 
turned into a fmall Plate of Ice : And as to thofe Hairs 
which melt in the Edges of the triangular Spaces, they 
grow denfe as they recede towards thofe which unite every 
one of the Flakes to the fix which furround it ; and thus 
there are fix Clefis made infix Places of the Circumference 
where the Heat can moft' eafily come, which growing 
narrower as they get nearer the Center;, it is evident, that 
• every fmall Plate of Ice muft be of the Figure of a Star 
Tab. XV. ^^^^ ^^ Points, fuch as is here reprefented in A. After 
Fig. 7. which the leaft Shake is capable of difuniting them and 

making them fall down to the Earth feparately, 

le. Htitf 10* If ^ Heat of the Air be a little greater than 

Baiificnit what was juft now fuppdfed, it muft continue longer in 

*§/^Ra,^ thofe Places which are moft expofed to it, that is, in the 

^rtprJlctd. fix Points, dnd confequently muft put them in Motion 

and make them g^ow blunt : By tius Means, the fmall 

Plate of Ice, which before was in the Figure 6i a Star, 

will now become like a Rofe, with fix Leaves, as it is 

reprefented in B. 

Hi Bno II. And if the Flakes, of which this Hail is compo- 

^h^* fed, were at firft larger than ufual j it may happen, that, 

tfjix *"* they will not only be divided in fix Places, in Order 

fi»wtr dg, \tD rorm fix Points 5 but that Part out of which one Point 

i!^*J7' is to be formed, may be fubdividedinto three kffer 

Points, by two fmall FifTures m^eon each Side of thofe 

Hairs which join to the Hairs of the next Flake; And 

thus there- may be two Points formed on the two Sides, 

which may bend a little outwards, becauic the Heat aA* 

, ing 
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tug with a little more Force there, caufes alfo the Gm* 
denfation to be (bmething more : Whence it follows, that 
inftead of a fingle Point of a Star or Leaf of a Rofe, there 
will be formed a Fkwer'de^luce ; and inftead of an entire Tib. XV* 
Star there will be formed a Hail-flone like that xeprefent- ^^* 7* 
cd in C. 

12. If the Heat of the Air aft with greater Force ftiU J^^^-fi^ 
upon thefe Hail-ftones, it will diflblve fome of their Parts pf^nU 
proportionahly more or leis ; whence it is eafy to coUeft 

that there maybe a thoufand diilerent Sorts formed. And 
if all the Parts of one Leaf be melted, whilft the Parts of 
the Leaf above and the Leaf below it are approaching 
towards each other, the Drops of Water that are made 
by this Diflblution, may ierve, like Glue, to join the two 
Stars together flat-ways, fo as to make them but one, 
with twelve Points in* their due Proportion, if they hap- 
pen right, 

13. All thefe Sorts of Hail-ftones are generally very thin ^Vf^^ ff^ 
and tranfparent, becauie the Particles of Ice of which *w*J-/^'* 
they are compofed are very clofe and compaft. ButJ/^i^*^' 
/ometimes there fall fome that are quite white and lar^ 

ger ; the Reafon of which is, becaufe they meet with a 
great many Particles of Water, which fly about in the 
Air, which ftick to them as they fall down to the 
Earth. 

14. As the Vapours lofe their Motion when they meet ij* ^/|-.^ 
with Hail, fo it is eafy to apprehend that they may fomt^\^^^ 
times lofe their Motion when they meet with other ccdd/^«. 
Bodies. And thus it is thsLt/rdzm Mijis and Hoar^Frofts 

are formed, which cover the Earth, and ftick to the 
Branches of Trees and to the Hair of Travellers, efpe* 
dally on that Side wheire the Wind blows. 




CHAP. XV. 

Of Honey-Dew^ extraordinary Rain^ and Manna. 

HAVING thus treated of Meteors which are compo- n. Bpv 
fed of nothing elfe but Water; we muft not forget ?^'^ 
to fay fomething of fuch as may be made up of fome^**'*'" 
&t Matter which is found in the Earth, and which af« 

ccnd» 
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cends in the Form of. Exhalations. Here it is to be ob- 
fcrved, that if, when the Weather is warm and no Wind 
ftirring, aconfiderable Quantity. qf V^K>urs and Exhalati^ 
ons fliould rife up together, and be in fo great Agitation 
as to afoend to fome Height ; then the Vapours, which 
can eafily difengage themfelves, would feparate from the 
Exhalations, and get above them; and the Exhalations 
whofe Parts are more entangled, and which cannot afcend 
fo high, woifld fly about by themfelves in the Air nearer 
to the Earth. And if it happens that this Air be modexate* 
ly cool in the Night, the Vapours may continue to be in 
fo much Motion as to keep the Form they were in ; but 
the Exhalations, confifting of Parts whofe Figure makes 
them more difpofed to be at reft, will condenie themfelves, 
and gather into aMift, which will extend it felf over any 
Country in Proportion to the Quantity of Exhalations. 
This being fo, if, when they meet with any dry Bodies, 
they thicken into 'a Kind df oily Liquor, in the fame 
Manner as we before faid. Vapours, thickned into Dew j 
they will tbeii make that Honey-dew which is fometimes 
fo troublefome to the Country-jnen. 
%. Why Ho' 2; The Exhalations which compofe Honey-deWj being 
T^ih^nerai' ^^ ^ ^^^^ NatuTC, it is cvideflt, that they will, ftick to 
'^J^^'ff'/X the dryeft Bodies foonet than to any other; and becaufe 
Coruf and Corn and fuch like Plants, are generally very dry, at that 
^^Jfut'\o S^^^^ "* which the Honey^dew falls, it muft be upon 
it^ "' thefe Sorts of Bodies that it is found in any large Quanti^ 
ty ; And it cannot but be very Injurious, if the Weather 
be Verycltar afterwards, and the Sun {hoots his Rays up- 
on thefe Plants ; for the .oily Liquor which they are 
daubed over with, being capable of great Heat, (i) burns 
them up and quite cornipts them. 
3- V 3. If the Exhalations be condenfed at f«me Diftance 

Bm" fro"^ th^ Earth, they will form a Cloud and not a Mift, 
and by growing ftill denfer, from fome of the Caufes by 
which Vapours are ufually converted into Water, they 
will compofe a kind of oily Drops,^ which being alfo of a 
reddifti Colour, gives Qccafion for them to be taken for 
a Shower of Bloody fuch (2) as is related in Hiftory to 
have fallen fometimes. 4. The 

T» (I) Btirnt them up and 'quite C9r. , TiM^W. Book 4a. StBt, »o. %kert 

ruptitbem,) Av/ry teft lies. Book 1%. ivat a. Report of it t having tmiiui 

Chap. 28, that a great many of the Blood fcr three Days at a Tcwu in 

Aicients afHrmed, that Deio burnt- Italy: f and in ftverai 0th<r Placet of 

uphy the fcorching dun, i* the caufe xhn iame Author- So lijcewxfe PU' 

0/ the Honey dew on Corn, though ht ny. Book H. Chap, 56, // rainti 

^ aimfelf thinks otherwife- Bieod lohen M. Aci^ias and c* Ptf' 

(2) jis is related iu Uifiory, &c} cius wtre ConfuU* 
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4. The Exhalations being very different in diSszctA^V 
Countries, according to the particular Nature of the Pla- ^"*'» 
ces, they muft produce very different Efiefts. Out of 
thefe. Manna, for Inftance is formed, which is of fuch 
frequent Ufe in Phyfick ; and which is gathered in the 
Morning from certain Trees to which it fticks. Of this 
there can be no doubt, becaufe it always fticks on that 
Side where the Wind blows. As to any Thing further ; 
as, that Manna is not found upon all Plants, the Reafon 
is, becaufe the Exhalations don't every where find Super^ 
ficies proper for them to ftick to. 



CHAP. XVI. 

Of ^under^ Lightnin^y and "Thundcrholts. 

'T^HUNDERjLigfftmng^TJidThunderbohs^artthemoQLi' How 
"^ furprifing of all Meteors ; and becaufe they are very '^^'^'S '* 
often accompanied with Rain and Hail, the Order of 
Things requires, that after having treated concerning thefe; 
we fhould endeavour alfo to explain how the other arc 
produced. Let us imagine then, that fometimes a great 
many Clouds are formed one above anpther, which are 
compofed alternately of Vapours and Exhalations, raifed 
by the Heat, at different Times, out of the Bowels of the 
Earth. Let us confider further, that the Seafon mofl 
proper for this Purpofc being the Summer, during which, 
the Air near the Earth has Time to grow hot, efpecially 
if it be calm ; it may happen, that fome Parts of this 
Air, may be carried up, by fome Wind that rifes af- 
terwards, to one of the higheft Clouds, and blow againft 
the upper Part of it ; fo that it will condenfe, almoft in a 
Moment, that very fine Snow of which the Cloud is^ 
compofed, by making thofe Parts which are uppermofl 
approach nearer to thofe whith are under them : By this 
Means this Cloud will defcend whole upon the next; 
Cloud under it, and that with a confiderable Swiftnefs, 
without this latter being able to defcend at all 5 becaufe it 
is hindred, by the ufual Cau^es which fupport the Clouds at 
a ^rtain EMftancc from the Earth, and by the Wind which. 
we juft now fuppqjed to be arifen. This being fo j the 

Air 
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Air which is between the upper and lower Qoud, is for- 
ced out of its Place in fuch a manner, that that which is 
near the extreme Parts of the two Clouds gets out firft, 
and fo gives an Opportunity for the extreme Parts of the 
upper Qoud to fink down a little lower than the Middle 
of it does, and fo to comprehend a great Quantity of Air 
in it, which driving to get out by that (i) very ftreight 
and irregular Paflage which remains, it is very eafy to 
im^ne that the manner in which it gets out muft 
caufe it to make a great Noife, ft>r the fame Reafon thaf 
the Air which comes out of an Otgan through the Pipes 
makes a great Noife. Thus we may hear the Noife of 
Thunder without feeing any Lightning. 
TiJ^ma ^' ^ ^"f^fs indeed that this Sort of Thunder cannot 
mahafn- make any very great Noife ; But becaufe the Exhalations 
^giout which are fometimes between the two Clouds, one of 
which falls with great Force upon the other, are gene- 
rally fo comprefled in fome Phces, that the Parts of the 
fecond Element which were mixed with the Matter of 
the firft Element, among their little Branches, are dri- 
ven out thence ; it happens by this Means, that the Ex- 
halations which'are in thcfe Places, fwimming only in the 
Matter of the firft Element, arc converted into Fire ; 
which communicating it felf in a Moment to every 
Thing that is combuftible all round, it dilates the Air pro- 
digioufly, and proportionably incr^es the Velocity with 
which it gets out from between the two Clouds : And 
this caufes, not a rumbling Thunder, but a terrible 
Crack. 

3. Further; as the Flame which proceeds from Exha- 
i^lfc"""^ " lations is the pureft of all, fo is it very proper to pufh 
** '' forward the fmall Globules of the fecond Element-, with 



CtscAm 



3* Wsfff 



( I ) t^iryfirtigbt iandirreguUrPaf- 

Jagi, tec-j * It is vcty common with 

' us to hold Water between our two 

* Hands joined together, and theo by 

* comprefling them, to fqueezeitout 
^ Jike 1 SyphoQ. Something like 

* this you my fuppofe to be done 

* there. For the Straitnefs of the 

< Ciouds when they are compreffed 

* together* forces out the Air which 
'' h in the Mrddle— — and drives it 

< on at an Engine does.* Seneca t 
l^at. Qeft. Book 2. Chap. 16. 

But it if far more probable, that 
*t*hund<?r is produced i»ot by the f»l.. 
Uug of the Clouds, but by the kind- 



ling of fulphureoui Exbaladons* 
Thus Aurum FulminanM makti a 
great Noife. For fim* fuJ^urtoat 
Steamt, at dU limtt vtben tb$ Emrth 
it dry, afetHdingi9t9tb»Air,firwitnf 
there with nitroui jteidt, and foim» 
times taking Fire, eauje Ligbtning 
and Thunder and fiery Meteeru Fb# 
the Air abound* vftth acid yafumrt fit 
U promote Fermentations, ataman 
by the Tufiing of Iron and Copper in 
It, the kindiing of Fire by blowit^^ 
and the heating of the Heart by meant 
of Rtffiraticn. Newt. Opt. p. 355. 
See aifo the Pbihfopbicai franja^im 

which 
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which it is furrounded, to the Obje£b which are every 
where about; and they refletfling it to our Eyes^ we muft 
neceflarily have the Sight of thofe Obje^ raifed in us, in 
the fame Manner as if the Sun or any Flame (hone upon 
them ; And in this confifts Lightnings which, according 
to what was formerly faid concerning Light and Sound, 
muft be feen before we hear the Thunder, notwithftand- 
ing they are made together, or perhaps the Thunder is a 
li^e before the Lightning. 

4. Neither ought we to think it ftrange, that theThun- 4. my tb^ 
dcr continues longer than the Lightning, if we confider, f'^^^ ^^ 
that the Agitation of the Air, which produces the Sound, ^^ /J^ 
may continue on, after all the Exhalations which produce tbmt thJ 
the Lightning are entirely confumed. But we (hould add ^»c*^»* 
to this, that the Clouds and a great many other Bodies', 
likewife which are upon the Earth, cauie feveral Echoes 

which make that rumbling which we hear after the great 
Crack of Thunder is over : And this is confirmed &om 
hence^ that the fame Canfe which produces an Echo with 
Refpe£l to one particular Place, will not always pr6duce 
one with Refped to another Place ; and thus likewife^ 
the fame Clap of Thunder is not heard in the fame Man* 
ner in all Places, 

5. As it may thunder, as was faid before, without 5* »w »> 
Lightning, fo it may happen likewife to lighten ( i ) with- ^Jj^J 
out Thunder; for the upper Cloud may be fo fmall, and rbutuUr^ 
may alfo fall fo flowly upon the lower one, that the Air 

may not acquire a fufficient Agitation to produce any 
Noife. But notwithftanding this, the Exhalations may 
be ib comprefled, diat all the Parts of them fwimming 
only in the Matter of the firft Element, they ms^y take 
fire all. at once in order to make aFlafh. 

6. Further ; As the Hdit, which makes a Cloud grow ^* »«/<*# 
lb heavy, as to fell very quick upon another Cloud, muft f^^fla^ttb 
alfo be fiiiScient to difTolve fome Part of the Snow of gnat Force 
which the Qoud confifls ; it follows that at every Clap of ^^''^"'^ 
Thunder, there muft fell down a very great Quantity of ^'^'*^'''' 
Rain. And fo we always fee there does, if the Thunder 

bdt dire£Uy over our Heads. 

(i) ff^thoMt ThuMdtr,) It very of- ' are to tinderfland, that there art 

tea huippeii9, that theThunder, being * Cioudt in that Place from whence 

at ATCry great Diftance^is notheard, < the Lghtniog comes, though the 

As Sttieca very weU obferves. < What f fwell ing of the ^arth will not fufier 

« thea>/tfjrfi&» doea it not ajfo light- < ui to fee them.* /^at* ^uefi, 

* ca fometimes in a calm Night, £i>»k li. Qkaf »o« 



< Whea the Start appear? Bat 7<>a 



That 
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7. That ^ht ^ That .which is commonly calledThunder, if it breaks 
4bu^erb9Ut ^^ *^^ ^"y Thing to Pieces, is then called a Thunder^ 
mrtfaije. bolt. And becaufe it is a general Notion amongft the Peo- 
ple, that the hardeft Bodies have the moft Power to.fpoil 
other Bodies ; therefore they believe, that befides the Light 
and the Flame which come out with {o much Viol^ce 
from between the Clouds, there comes out alfp a very 
hard Body which they call a Thunder-Jime ; And if vre 
don't fee one of thefe fall, at every Cbp of Thunder, the 
Reafon is, tb^y fay, becaufe it does npt always dart it felf 
towards the Earth, but gets out at a Part of the Cloud that 
looks another Way. But if this were fo, it is impoflible 
but that one of them fhould have been f?sn to fall at (bme 
♦ Paris. Time or other, in fome of the.Stre^ of this * gr^t 
City, or in fome Court, or on the Roof of fome ^ouie ; 
which no Pcrfon, that I know of, can affirm that they, 
have feen. And it is a very weak Reafon to fay, that 
we do not fee them, becaufe they are not darted dire^y* 
againft the Earth ; for if they . move flanting or upwards, 
they muft at laft faU down by thejr own Weight. 
t.Tbattbii g. But there is no need of having Recouife to a hard 

mTrJlo'^X' ^^y ^" ^"'^^ ^^ explain the more common Effefis of 
f lain the Lightning : For if we confider that Gun-powder which 
Effitairf takes Fire, in a Cannon, hath nothing of Hardnefs in it, 
*^6/«»^ and yet has Force enough to drive out a Bullet with in,- 
ciedible Swiftnefs, and fometimes to fplit or break inPie-- 
ces the Cannon it felf; we (hall be convinced that there 
is no Need of a Thunder-Jlone to tpar Bodies in Pieces in 
the manner. we fee them, 
9. HvwU it g^ Not that it is impofBble for a hard Body to be ge^ 
sl^dB^y^to^'^^^^ in the Air, which may be taken for this imagi- 
htgenerated nary Stonc ; if there fhould be in the Air any volatile 
in,tb*4ir, g^jts^ mixed With fulphureous Exhalations, and any Other 
more terreftrial Exhalations, fuch as thofe which fettle like* 
Mud to the Bottom of Rain-water, which ftands covered- 
for fomeTime : For we find by Experience, that Sulphury 
Saltpetre, and this Mud dried, if they be mixed leather 
in a due Proportion, will be converted into a very hard 
Stone by the Fire as it were in a Moment of Time. 
ytbtnmT ^o. Nor is it at all wonderful that Lightning fhould fall 
falls gen^. upon Bodics whjch are at thegrcateft Height from the 
rally upon Ground, fuch as the iTops of Towers, fooner than upon 
'P/atet ^^^^ '^^^^ ^^^ lower :'For, the Clouds where the Thunder 
is generated, being very Wgh, and the Opening being ge-' 
nerally on the Sides of them ; the Exhalation which darts' 

out 
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out thence, and which moves flaming,' muft ftfike againft 
the Bodies which are very high. To whfch may be added 
further; that if two Clouds which are joined together at 
their Extremities, be about to: break in the lower Part, it 
ought generally to be in a Pkce, dire<9Jy under which ther« 
is fome very high Body ; bdcaufe this Body refifting at firft 
the Defcent of the Aii:, makes it divide and feparate on 
each Side, and this caufes the Cloud, which has the fame 
Determination, to open exaftly tn this Place, where con- 
iequently the Lightning can the moft eafily defcend. 

1 1. It is alfo eafy to apprehend how Lightning may bum ' ' • "^ 
Men's Cloaths and Hair, without doing them any ^^^J^aiE^^g 
Mifchief ; and fometimes, fpend its whole Force upon fuch of Lights 
Things as refift it moft ; ( i ) in breaking- the Bones, for In- «'»^- 
fiance, without fenfibly damaging the Flefh : ^ For, there 

being very different Sorts of Exhalations, fome of them 
may be like Sulphur, the Flame of which is very light, 
and will take hold only of Bodies that will eafily burn : 
On the other Hand, fome of them may be very fubtle 
and penetrating, m\ich of the feme Nature as volatile Salts 
or Aqua-Fortisy which will not meddle with Bodies that . 
are very foft, but exert their whole Foiyre upon hard Bo- 
dies, fo that they will diflblve Bones or Iron. It is 
very true, that a Bone may alfo be broken only by the 
fhakitig of the Air, in which that terrible Noife of the 
Thunder confifts, when it is very near us : For if the 
Sound of a very large Bell will fometimes make a Man 
who is very near it fliake fo as hardly to be able to ftand 
upon his Legs j the Nbifeof Thunder may be fuch as is 
capable of breaking a Bone ; And the Flefh may feem not 
to be hurt, or at moft only bruifed ;^ becaufe that is fo 
foft as to yield any. way without breaking. ' 

12. Laftly^ There is fomeReafon for affirming that the la.Ti&tff 
Sound of Bells may eaufe the Thunder to ceafe j becaufe ^^^Imay 
the Air which is near the Bell, fhakes that which is higher drin>eLigbu 
up, and this Air may fo fhake the lower Cloud as to make »«»i 'wj* 



(1) iff hreakinf tht Benei, &c.) 

< Silver Ss melted witboatfaurti^g the 

* Bag 9 und a Sword diflblTes when 
' the Scabbard is whole ; and Iron 

< melts aboDt the Piltes without anJH- 

* ring the Wood : Wine coatinuea 

< ftiff when the Hogfiiead is broken* 

< but this Scifih^li does not laft aVove 
f .three Days.* SmeCA** Nat, ^aft, 
M99k iU Qbap^n , t Thcfe U a third 



Sort of Lightning, which they call 
bright Ligbtmngf of a moft iurpri- 
linTg Nature, which empties Hogs* 
head without touchiog what they 
are covered with, and leaves no 
Marks behind it; Gold andCop- 
per^ and Silver, are melted witbin» 
yvhen the Bags are not burnt at ail, 
nor the Wait- Seal in the ieaft dif. 
oidered^ PUfy^ BooklU Cba^, 51* 

it 
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it fiJl down in Rain before the upper Cloud gets fo low : 
And when this upper Cloud comes afterwards to fell, it 
can impell the Exhalations in the open Air <mly, where 
they have no Opportunity of taking Fire, becaufe they arc 
not compreffed together. Befides, when Part only of the 
lower Cloud is feDen down, the (baking, impreffed upon 
the Air by the Bell, may difpofe the Exhalations which 
are above the Part which opens, to take their Courfe that 
Way i fo that the Matter out of which the Lightning is ' 
formed, being wanting in the Place where it fhould be 
formed, it is no Wonder that there is not any at all 
produced. 



CHAP. XVII. 
Of the RA I N'B PT. 

t. fVbttf ii i-p fj £ common People are not more aftoniflied when 
>tu^nZ^. ^ they hear theNoife of Thunder,than the Philofophers 
arefurprifed, when they fee thofe Colours, in the Shape 
of a Bow, which appear on a fudden, in rainy Wea- 
ther, in that Part of the Air which isoppofite to the Sun; 
and which fometimes difappear alfo in a Moment. Thefe 
Colours, are called the Iris or Rain^Baw-, the Caufe of 
which has been for a long Time fearched after, but no* 
thing found out fo as to fatisfy any reafonable Perfon, till 
this laft Age. I (hall give fuchan Explication of it as I 
hope can be maintained. But that we may lay afide 
all Prejudices, and not engage our felves in confuting a 
great many Opinions which fome Philofophers have pro- 
po(ed upon this Subjedl; let us imagine ourfelves to be 
the firft who have laboured to find out the Caufe of this 
, Meteor. 
1. Agintrai 2. The firft Thing that I obferve is, that whenever 
^Tt^tbl ^^ ^^ ^y Colours, there muft always be fome Light i 
ftam^hw, the Rays of which are either refleAed to us by the Su- 
perficies of fome opakeBody, or tranfmitted through fome 
Sort of tranfparent Body, which at the faifteTime it fclf 
is tinftured with fome Colour; or elfe pafs throi^h a Body 
entirely tranfparent, but fo as to be fome way reftaAed. 
And fince Experience does not teach us ai^ other but 

thefc, 
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thefe three Ways of dlfcerning Colours, it is unreafonable 
to think that there (hould be a fourth Way which is not 
ix)mprehended in any of thefe. And fince it is not at all 
probable, that there Ihpuld, in fo (hort a Time, be form- 
ed in the Air any very large opake Body, which is able to 
reflefl: the Light, in fuch a manner as it muft do, to caufe 
us to fee a Rain-bow ; or any tind of tranfparent Body^ 
which is at tne fame Time tindlur^ with Colours proper 
For the like Purpofe : And fince we are further aflured, 
by Experience,, that the Air is full of Drops of Water, 
which are entirely tranfparent and of no. Colour at all ; 
we may reafonably epnjefture, that it is thefe Drops of 
Water, by which thfe Light is refra£led in pafling through 
them, that make us perceive the Colours, by tranfmitting ^ 
the Rays to our Eyes with Modifications proper and ne-^ 
I ceflary to excite fuch Senfations. 

j 3. Thisi is indeed a Conje£lure only ; But in order to j» ibat a 
1 fee whether it be well or ill founded, let us confiderwhat^*;**' ^^"9 
muft become of Rays, which, coming from a lucid-Bo- r^J^^I/cB 
dy at a very great Diftance fuch as the Sun is, fall uiponfauu/>ontbe 
a watry ISody, of a fpherical Figure, as we know every ?'*'?^' ^ . 

TN VYif • -r 1 J* lot"' J^atn. are 

Drop of Water IS. Let us then exanline the Scheme \jcntback ^ 
in )vhich we fuppofe ADKN to reprefent a Drop of '« the fame 
kain, and the Lines EF, BA, ON, and fuch like, which fj^V^^' 
tome all from the fame Part, to be Rays coming from afce/tw 
the Sun's Center, which we confider as parallel to each R^fraaions 
other, becaufe of the vaft Diftance betwixt the Sun and us. ^^J^^ ^^^ , 
This bding fuppof*ed,. fince it is evident, that the Ray BA Tab. xvit 
only is perpendicular to the Superficies of theWater, becaufe F*6» '• 
that is the only one which tends to the Center of the fphe- 
rical Superficies of theDrop,and that all the other Ray§ fall 
bbliquely upon the fame Superficies ; it is eafy to fee, that 
all the Rays which enter into the Water, except B A, will 
be refradled towards the Perpendicular. Thus the Ray EF, 
and thofe which accompany it, do not go directly to G, but 
approaching towards the Perpendicular, go from F to K, 
where without doubt fome of them pafs through into the 
Air, which has Pores there fit to receive them ; but as t^ 
others, which are not thus difpofed to continue on the 
iame Way, they muft neceflTarily be reflefted within the 
drop of Water,* along the Line KN, fo that the Angle 
of RefleSfton may be equal to the Angle of Incidence, Af- 
ter this, the Ray KN, and fuch like, falling obliquely 
apon the Superficies of the Air,, which furrounds this fmall 
Sphere of Water, cannot enter into the Air, without be- 
. Vol. IL P ing 
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ing refrafted and going from the Perpendicular LM ! 

Wherefore inftead of going dircftly to Y, Acy muft gd 

towards P. ^ 

4. rbat ^^ It is to be obferved alfo> that fomc of the Rays 

fi^ftZr which come to N, do not go out into the Air, till they 

Mayt wbicb art refleftcd again to Q^j where, after being lefraded, 

faiiing upon |j j^^ ^j^^. ^^ft^ they do not go dircftly to Z, but turn from 

^W^H^rT^re the Perpendicular TV towards R. But becaufe we are 

fint back to Hot confidcring any of the Rays of Light, but thofe only 

'tJ""^ which can afFeft the Eye, when it is placed a little low- 

mtHfrm^ cr than the Drop, as about P ; we may affirm that thofe 

mfier two which aTC reflefted from N to Q^aie ufelefs^ becaufe 

^fdlw^i' ^^^y ^^ "^* ^^^^ ^^ *^^ ^y^ • ^"^ ^'^^^ we are to take 
%MioMu Notice, that there are others as 2 3 and the lite, which 

lieing refrafted from 3 to 4, and reflc6^ed from 4 to 5, 
and again reflefted from 5 to 6, may at laft, by being 
refrafted at 6, come to the Eye at 7, which is beneath 
the Drop. 
Vfi/ut 3. Thefe Things are eafily underilood in general. But 
rervatiotti Jf we would know exaftly how much every particular 
'tblTaJof ^^Y 's refrafted, we muft do it by Calculation : And 
i^gbt wbicb upon fuch Calculation it appears, that thofe Rays which 
€ome out of fall upon the fourth Part AD of the Sphere, go on in 
^^^^^'^''•^ fuch Lines as are here rcprefcnted by the Drop ADKN» 
Tab. XVI. which if we examine, we fhall make three remarkable 
Kg, I. . Obfer/ations- The firft is, that the two RefraAions 
which the Rays of Light undergo at their entering in and 
coming out of the Globe of Water, are made both the 
- fame Way, fo that the latter does not at all deftroy the 
Effect of the former. . The fecond is, that amongft all, 
the Rays which come out of the Part of the Spheie AN, 
only NP and feme few that are very near it, are power- 
ful enough to raife any confiderabfe Senfation, becaufe 
only thofe come fufficiently thick and very nearly paral- 
lel, the Reft are very much diverging, and feparate further 
from each other when they come out of the Globe, than 
they did when they entered in. The third is, that tl 
is a Shadow beneath the Ray NP ; for fmce there is 
Ray of Light which comes out of the Part of the Gl 
N 4, it is the fame thing as if this Part were cove; 
With an opake Body : We may alfo affirm that the 
NP has a Shadow above it, becaufe the Rays which 
there, have no EfFeft, and therefore are no moie to 
confidered than if they were not there at all. 

* 1 

V 

- • -, 6. Ft 
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8. Further ; ( i) It appears by Calculation, that the An- ^' ^'f w 
glc ONP, which the Ray NP makes with the Line ON 7^^J'sit 

drawn »/ efiaivs 

Rayt, 

. Tab. xvr. 

Z ahd then after they ire r^fleaed Fig, i. 
frum thence, let them go out in the 
Lines -£ M > t m. Jt iff m«ni« eft from 
the Htture of the Circle and of Re* 
flexion, that the reflefted Rays.ZE, 
E *, are refpc(f!i»ely equal "to ZF, 
Zf', and therefore have entirely ths 



(l) it afptafthy CalcvUat'fn, &c.) 
Carttt, ia Older co find the Dtanne- 
tcr of (he Ratn-^bow, Abrched out ail 
tile Angles which parallel Raysj fail- 
ing up n a refra^Ung Sphere and co- 
ning cut after one or two Reflexions 
toads by the Supetflkies of it, ihake 



with the Axis of Viilon, taking at ' fame Poficion with them, both, wlih 



Pleafure fometimes one and fome- 
tine< another Angle of Ini^idence* 
Thus he gained hia Furpofe by going 
a great Way about, and in a Method 
not at all necefUiy, and which isaJfo 
Very f^r from geometrical Exa^inefs; 
What he did thus by repeated TrJ- 



ReI)»eQ.to the Sj^here and to. each 
other. Whence it follovri, that 
fincethe Refradltonl in IE, e, and if| 
1; i, are e^aaJ; and the incidedt 
R^ys Rf, rr, ^rllJeI$ the emej- 
gientRafs^M, em, tvill be parallel 
aHb; Wfaenire; oli the contrary, it 
a:s, the famous Dr. Hatlty has doAe *ite<riy to fee, tihat if the Rays are 
in a plain and 4ire^ Method, in hit l!fle£hveythef hav« one ahd the fami^ 



Difcimrie upon the Rain-bow ( in 
the Pbilojtfbical Tranfaatous, JNjtfnjf 
htrz^f.) which it virill not be amiffl 
more fully to e.v plain in this Pla^. 
It is to be obferved therefore \ 

That it 13 nece0krir> that of \hi 
Rays which hW parallel and cond- 
|oous upon .a refra^ng ' Sfiherei 
thofe chat are tSt&i^t or proper to 
^reduce a Rain>bow,.mufl; alfo come; 
out of the sphere parallel and con ' 
tigiMoot. Otherwise they will not 
come thick eaoogh to the Speda- 
tor'a Eyes, to exhibit thofe vivid 
Colours of the Rua-boWt Whence 
it follows, 

That thofe eflfeftive R^yp, which 

come ( Ut after one Reflexion made 

vby the Superficies of the Sphere> 

Have all the faiiie Point of Reflexi- 

•< 4>o : 'Thofe ■ which come out after 

two Reflexions, are parallel while 

they are reflected, that is^'froiii one 

'.--P&iiit where they are refle£l(^ to 

. tfboiher: Thofe after three Refle]^- 

!" fens^ have all the iame middle Point 

K^'of Rt flexions: Tfaofe itfter four, 

y bavc their refle^d Patts, which 

I joio tbe fecond acd thitd Points of 

^lUflexioos, parallel- And fo on in 

l»a great aoaiiy ftich like Refleli- 

y 9tis* 

\ For let \ZZ, be a 

f Tab. XIX. great Cicic ofa refrac- 

L Fig. I* ting Sphere ; Let the 

paiallel ahdcontlgaoui 

, J^y*«nd which lie iii the Pl^ne of 

%t, RI, r/, fall upon it; and after 

; ^beyarcre^afUd, l^tth^ntmeet in 

the it^mn Point of th.c Cii^uiofcrenci 



t^otnt of Reflexloi^. 

For the fatile Reafon 
it Will eafll^ appear^ that Tab.Xl}^* 
the effeftive Riys RI^ Fig. ,!• 
^ I, which gd -but after 
two Reflexions^ llave their reflefted 
'Part« TXi 3i>, ( which . conneft 
the Points of Reflexions Qjind V*^ 
it andjr ) parallel, pnd ought to have 
that Portion which was mentioned 
of thereflei^ed R:ys in fchefeverai 
Reflexions. Whence it follows foi-j; 
theri [ 

That the effe^ive Ra^shfTe jthetr 
Angle of Incidence io ordered , 
that if there be but ode R<>flexion; 
its na(bent Increment or fmallf^ 
Increafe, is double ,th^ Increafe ^f 
the Angle of Refra£tion madd in the 
faitie Time. If there be two Re- 
flexions, the iirfl Increment ia 
triple the latter. If there,beth.ree,. 
quadruple \ if four; quintuple an^ 
to on. 

For it 18 manifei!; 
that the veiy fmall Tab. XWCt 
Arch 11, is the iiafcent Fig. i. 
Increment of the Angll 
of Incidence:- And if ti»c Semidiat 
meters Cl, C^beciraiVn 5 fi'sceCK ^ 
or CZI is the Angle 6f Refra^ ion,, 
the Angle iZ\ Vfrill Ke the Increment 
of the Aogl^ of Refraii ion genera- 
ted in the fanie Time, and the Arch 
// double the Angle iZl^ 

Here alfij 1/ is the ., . 
nafcent - Jhcrement 6f Tab. XIX* 
the A-^gle of Incidence} fig* *• 
A^d if the Sehiidia-. ^ 
saeiers CZ, Cat be ixvf^ k, fin^' 
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drawn from the Sun^s Center, b forty ont Degrees, jm 
thirty Minutes. And fince, bcfidcs thofc Rays which v/ 

' luppofe 



CZY, Objf tr? the Aoglea of Rc- 
fnaion, (beciufc ZY is panUcl to 
my) the Angel ZC« er the Arch Z» 
Si the Increment of the Angle of 
Kefraaioo. But aZ« (= Arch ZY 
«-. Afch »y =: Aich IZ<* Arch ix) 
^ If .^ Zs. Therefore If sb 3Zs* 

By moch the iaine Way of argu' 
Sng it may be proved ^ that if there 
be three or more Refleaions» the 
lUtio of the nafcent Increments of 
the Angle of Incidence and Refrae* 
tion, 18 fttch as we hate affigned. 

Wherefore, sn order to find out 
the Angle of Incidence of a Ray 
vhich U eflFe^ve after a given Noipa- 
ber of Reflexions i we moft find 
0ut that Angle, whofe naicent or 
infinitely foiall Increment, bears the 
£ime Proportion to the Increment 
of the correfpondent Angle of Re- 
lira^on>, made at the (ame Time $ 
as the given Number of ReflefHons 
increafcd by Unity, bears to Unity. 
And this Angle will be determined 
hy the following Lemma* 

Lemma* 
Let ABC be an ob- 
Tab* XlX. tufe angled Triangle* 
Fig. 3. from whofe Vertex A 

let the Perpendicular 
AD be let fall upon the Ba(e BC 
produced. I fay, that the Sides AC, 
AB remaining the fame, the nafcent 
Increment Of the external Angle 
ACD, is to the Increment of the An- 
gle ABC made in the fame time, as 
BD to CD. 

Demenfi, 

Imagine the Side AC to be turn- 
ed about the Center A $ And by this 
Motion its extreme Point C to car. 
ty the iane BCD into the Poficioa 
Bfi, fo that the Angles CAr, Cfic, 
by the na'bcnt Increments of the An-' 
gies BAC, ABC : And let cC, cT> 
be joined* 

The Angle ACD is equal to CAB 
and ABC $ and the Angle Acd, is 
equal to rAB, and ABc. Therefore 
^ the Exccfs of Acd above ACD, or 
the nafcent Increment of the Angle 
ACD is equal to CB« aod CAc, Now 
becaufe the Angle AcQ differs but 
infinitely little from a right Angle, 
the Circlf dc&xibcd on the Dianctsr 



AC, will pafs through the Points D 
and c\ and therefore the Aogld 
CAr, CDc, infifting on the iai^e 
Arch of that Circle, are equal* Tbe 
naicent Increment therefore of tM 
Angle ACD^ is eqtial to CBe and CDfy 
that is^ it is equal to tied. But the 
nafcent Angles Dc^, DBc are toeack 
other as their Sines, that is. as BD| 
the Side of the Triangle BDc to De. 
Now becauie the Angle CD( is ia- 
dnitely fmall, Dr is equal to DCl 
wherefore the nafcent Increment <«f 
the Angle ACD, «/*• t>ed, is totfce 
Increment of the Angle ABC, mi4e 
in the fame time, vi»* Cfi^ $ as BD 
to CD. Or £• D. 

. CoroU* 

The nafcent Increments thcrcfoft 
of the Angles aCD, ABD, sieis 
the Tangents of thofe Angles direft- 
ly ) a Line being drawn from the 
Point B parallel to AC tUl it nxetl 
PA produced. As appears froB 
Pro^, 4. Book VI. BttcU 

Problem I. 

The Ratio of Refra^on beas 
given ; to find the Angles of lod- 
deoce and Refra£lion of an effcd- 
ive Ray, aher a given Nomber d 
Reflexions. 

Let any ftreight Line AC be takes/ 
and let it be fo divided In D, thiC 
AC may be to AD, as the Ratio o< 
Refraaion \ and let it 
be divided again in £, Tab. XI& 
fo that AC may be to Fig. 4. 
AB, as the gives 
Number of Reile£tioos incrdftd 
Unity, is to Unity, ifavingd 
bed the Semicircle CB£ on 
Diameter C£ } from the Center 
with the Radios AD, let the 
DB be defcribed, ioterfedting 
Semicircle in B : Let AB, CB 
drawn, then will ABC, or its O 
plement to two right Angles, be 
Angle, of Incidence, and ACB 
Angle of Refraction required* 

Demon/it 

From the Point A, Jet the 
fendicular AF be let foil npoo 
[rodii€od> and kt BS be diai 
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ife to come from this Center to the Drop of Wa- 
pw^ there come others a)fo from every Point of the 

3un's 
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rn will the Triaogleffy ACF^ ECB 
fiinilar. Now the Sine of the 
|4b|1c ABC or ABF> it to the 
I Sue of the Angle ACB^at AC to AB 
I er AD, that h, in the giten Ratio of 
fUfndion {iy C«^tua,\ Suppofing 
tiuercfore ABF to be tne Angle of 
laddtece^ ACB will be the corref. 
ponding Angle qf &efia^on. FOr- 
therj the naicent Increment of the 
Aqgle ABF, it to tl^ Increment of 
the Angle ACB, generated in the 
&me Time, ai CF to BF; {iy th$ 
Leama) that it, as CA to £A. {iy 
fmlar Triai^hi) that is^ ts the given 
^i^mber of Regions increafed by 
Vnitjr, ia to Unity {by Conftu) 
Wherefore the Ratio of the nafcent 
Increment or the Angle of Inct- 
fleace ABF, to the Increment of ^e 
Ahgleof Refraaion ACP, ii fuch a| 
h required (by the OfjervaeioHM a. 
fove) in the Angles of Incidence 
and Refradion of an e^£Hve Ray 
after a giTen Nomber of ReBedl* 
00s. The Ang|e8 ABC or ABF, and 
ACB theicfere are the Angles requi- 
ted* ^ £• Dm 

Corolla i« 
From the foregoing Conflroaion 

iji, /3 RR : 



of this Problem ; the Role of the A* 
mous Sir Jfaac Newton, for finding 
the A<)gle of Incidence, which you 
may find in Us O^ich, fag. 148, 
may eafily be colledcd. For 4et 
I ^ toR in the Ratio of Reftadi. 

I 
on ; th^ will ACss -^ AB| let »be 

R 
the Nomber of Refleaions increafed 
by Unity, and it will be iiFBss 
FC. Aiid becaufe the Angle at F 
is a right Angle, therefore ACf-^ 

I I 
CFf =s AB^-p^BFf } that it>-*^ 

RR 
ABf-n«>Ffif^ABf---BFfrs tnd 

1 I 
thereibremFBf— - BFfss-— ABf . 

RR 

BF 

r«; AB^ } aad again 



AB 

ftfsd of n be put its Value, which In 
the firft Rainbow is s, in the fecond;^ 
3j; in the third, 4, &c.) it will be > 



In Rainbow the. 



2d. /8 RR : 
\xd. yisRR: 
&c. 



V^li-f-RR:!AB:FB!:the 
•Radius: the Colue of 1d^« 
^dence* 



a. « H 



Bvt the foregoing 
Tab. XXVII. Roles may be found 
l^fg. 3* in a more fimple and 

expeditious Way yet ; 
21 it be confidered, that the fmalleft 
jb^rements of Angles or Actios, 
to each other, at the Increments 
their Sines generated in the fame 
ime, dire6lly^' and the'Cofinee 
kemr<^ve8 inverfely. On the Center 
with the Diftance CA let t^p 
^rch of the Cii«le AD be defcribed y^ 
taken will DSbe its Sines, and dt the 
Koe of the Arch which exceeds the 
llrch AB by D^ the fmalleft Dif- 
fereoce that can be. Let \yp be drawn 
rpendfcular to^#, inAdp will be 
Increment of the Sine DS ge-- 
liated^ in the fame Tiffle Let DC 
edrawn $ then \hytbi fiml. fri'an^ 
' DCS, Dd^} it wUl be SC s CU 



t I fid I Dd. Whwe^f Vd zm 
CP X ^ . 

SC 

Coafequently (the Radiui CD being 
ivtry when the fame) Vd or the 

pd 

(jBuUeft Angle dC^ ^ *9 " ^ 

SC 
Now the letters », I and Rftanding 
for the fame Things as before, and 
patting S for the Cofineof the An- 
gle of Incidence of an efle^tiTe Ray,« 
and <r ibr the Cofine of the Angle c£ 
the j^etra^ion of the fame j >>lnce 
fli U to I (by tire-Obfennations above) 
ai the fmalleft Increment of it» An* 
glifof Incidence, to the. Increment 
of thriAnglfe or Refra^on* genera* 
ted in the fame Time ; and the In- 
crements of thofe Angles are as the 
1? 3 Incre* 



a^o 



Sun's Superficies;, we ought to examine a great ni5iny..i 
iil^re efftaive Rays, and' particularly that which comet j 

from 1 



Incrementt of the Sines diredUvy 
•od M ilieCoflnei themfdvet itivtrm- 
It ) and> (^iTtfff/ff /^^ i2<2tf0 of tb* 
Situi- cflncidtiiet and Refraffjonit 
givtn) the Incrementi of the Sines 
o^ lAcidence and RefrafHon, are to 
earh other {ky Cem/erjim) as the 
Sloes themfelves, or as 1 to R ; 
Therefore n will be to i as I to R 
A\tt€tiy, and as Ig to 0- iaverfeJy^ 

I R 
thatjs nil::..;.:... Wherefore I a- 

ssirR^.. Putting therefore r fjr 
th p ^ft^diuo anfw crinq to S *nd <?■ 5 
V r»-^^ I .will be .the Sine 
of the Angle of lacidence anfwei - 
iiig^ to that Raft us, and {tbf Ha^ 
tio of f JefroBion b^ing given) 

- ^y/ r\' — s » w ill be the jlfte of the ' 

Ai >g)e.pf Refraa'^n, and th erefore^, 
y jar>,^R>r»-^R>S » will be 

its C: fine or c. Wherefore in the 
fgoatiofi'l 9*==»RS f if for > bs 
fub ftttufed its Value, it w il] be , 

^ 1^ , A — .K* r^ -|-K* 2~i :^. 
«RS 5 And (fjuaring the Partt and 
tranjpofing tb«m) I« r? — Ri r\ :=z 
siS R* S *— R*- S *• ■'" Arid («//-. 
.r;i«f, /ife/ Equation into Proportion, 
MndfXtra^h^tbeRootM ofth« Tefmt) 

y „. j^-i _K* ; y/ li— k2^:>': 
JS the fame Proportion as before. 

The forego'ng Rules may nO]y 
be reduced to another Form, which - 
perhaps nay appear fomewhat jndre 
onvenrent liill tot And lag the Aa< 
gles of Incidence and Refraakm, 
by Calculation. For putting r lor 
the &a4iu^> S f(^ the Sine df the 
Angle ot Jnc d-nce, S for its Ce- 
line, and I for the Sine of the Aa- : 
gie of Re'r^aron. Since in the firft . 
Kiii.bow. 3R» : fa «_ Ra . . ^a , , 

5 «• It will be 3R* : 4R» i¥ 

s: ra : ra ->5^«^. Where fotre 

*• l/4K»— I»'.Andbecaufe 

R- . . 3 

S : I ; ; I : R : it will be iss ^' 



V^ 4 R2 _ ia. So likewile it will 

3 
be found in the fecond Rain- bow that 

r . — ■ .. r 



1* 



R % I 

y^Tirrrrj And in the thirf S 

y/i6R» la^ AntI fu;of the reft. 

. The Tangent of the Angle of In« 
cidenceof an efie^Hvc Ray, is to the 
Tangent of the Angle of Ref ra£lioB | 
as fl to I . It follows froni what goes 
before, and from the CoroUaxy 0^ 
the Lemma* 

Prob. 11 

The Ratio of Refraaion being |i- 
ten^ and any Angle of -Incideoce 
' whaffoever : To find the Angle> 
which a Ray of Light, coming oot 
of a refra^ing Sphere after a given 
Number of Reflexions, makes with 
the Axis of Vifions or incident Ray ; 
and fa to find the Diameter of the 
Raio-bow. 

The Angle of Incidence being p- 
ycn, and the Ratio cf Ref a6lioni 
t^e Angle of Refraction is given. 
Let this Angle be mjalfipUe4 by 
twice the Nambcr of Reflexions, in- 
ereafed by the Number two, and from 
the Prf dud, let twice the Angle of 
Incit^enee be taken ; the remain^fig 
^ngle is th^ Angle fought, ^ E- L 

Dcmonji, 

Let OIZE be. j|i great 
Cirde ot a :>phere ; in Tab. XlXi 
the PJaoe of which let Fig. 5. 
Rl bean incideikt|lay, 
which after two RefiraQfens in tbt 
Points of the Circumierence i sni 
E, an4 one Reflexion between thett 
in Z, tomes out in the Line £M« 
Ifeet £M be prr^dnctj^, till it mesil 
the'lacideac Ray RI, prMuceda!i(»i 






Utf, ^NaTURAI. FHII.OSOFHV. 

[fiomthe h^heft, and that which com^from the loweft 
'Fsutof theSun« Now th^ Sun's apparent Semidiameter 

being 
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ia X I an^ fion the Center C^ let 
the Seniduiiieten CI> CZ be dnwn. 
Becaofe the Angles CZI^ C:?E^ aoi*^ 
aifo the Angles ZlX, ZEX, are 
cqaa] ; CZ produced will pafithroogh 
X tad hUea the Angle IXE. The 
Pifieienoe of the Anglei GZI^^IX, 
is alio equal to IXZ. But C^^I or 
CIZ is the Angle of ]ftefi«aion, and 
^iX is the Di&rence betwixt that 
Angle and the Angle of Incidence 
CIX; TheieforelX^is the Difie* 
Race betwii(t twice the Angle of Re« 
ita^on tad the Angle of Incidence* 
Gonfequeotly , the whole Angle 
IXE, ia the DifTsrence betwixt four' 
Times the Angte of Refraalon^ 
and twice the Angle of Incidence* 
^S. D. 

Now Jet the Ray R1, after two 
Befiezioas in ^ and E, come out ia 
the Line e R, meeting RI and X£ 
(the firft being refra^ed) ia R and 
M, c EX, the external Aqgleofthe 
Triangle EM, is equal to the two 
Angles, ErM, effiZ | and beaufe 
the Refra^ons in e and E are equal 
the Angles, £f M, ^£X, are equal $ 
therefore the Angles «£Z, rME are 
equal ; But it is evident, that the 
Angle of Reflei^ioa «£^ orEM#, is 
.double the Angle of Reiraaioni 



V- 
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Hence the Breadths of the Rain- 
bows, and their Dtftances from each 
otber, may eafily be colleded ; fup- 
po^g the Sun to be only a Point. 
B«st becaufe the Diameter is about 
%o', fo much mud be added to the 
Breadth of every one of the Rain- 
bows } anA To much moil be takea 



And it has been demonftrated, that 
MXR is the Difierence betwixt four 
Times the Angle of Refra£^ion and 
twice the Angle of Incidence : There* 
fore the Sum of the Angles EM« or 
XMR an4 MXR ; thatis, the exter- 
nal Angle of the Trjtngle MXRj, 
is the Difference betwixt fix timea 
the Angle of Refrad^on, and twice 
the Angle of Incidence. £(• JS» D. 

The ian)e Method muft be pro- 
ceeded ioji if there be three or mora 
ReflefHons. But becaufe fuch Cafea 
belong t9 tl^ third and fourth, &«• 
Rain- bow ; whl9h are hardly ever 
feen in the Heavens, becaufe the 
kays of the Sun become fo much 
thinner by e^ery Reflexion { and l>e- 
caufe they are very eafy ^ \ fl^all not 
i^y to demonft rate them. 

Suppofing therefore;! that the Ratio, 
of Refraftion o\it of Aiir into Wa- 
ter, is what the famoua Sir Ifaae 
Newton obrerved | (Seeku (fetich, 
p, lit,) vis. asioS to Si, inthel' 
red Rays \ and 109 to Si^ in the 
blue ; then by Calculation according^ 
to the foregoing Rules, the Pifhin- 
ces of the Colours from the Axis of 
Vifion (which is confirmed by Ob^ 
fervation ) will be ftiund to be ii| 
Rain-bow. 




If tbe Spe€btQf be toraed ftam, 
the Sunt 




If the Spe6lator be turned towarde 
the- Sua* 



from their Diftaaees^om each other, 
that their true Breadths and Diftancea 
from each other may be had* 1 5'. 
muft alfo be added to the Difhmce of 
the outermoft Cirele of Colours, 'fiit>m 
tho Axis of Vii^'>n, which pa0«s thro* 
the Sun^s Center \ and as mnch mu(l 
be uken from the DiAance cf tlie 
P 4 laner* 
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being about iixteen Minutes, it follows that the effeftive \ 

Ray which comes from the higheft Part of the Sun. wilj' \ 

- fait 



iqaenBol^ CSr^Ie, in orf^ to have 
t&e true pittances of thofe Qrclea 
fronrthe Axis of Vi6on« 

Prot^ III. 
In the fir ft Rain-Ww i the Angle, 
which an effcftive Ray of any Kind, 
makes with the Aws of Vifion, be- 
ing given ; to find the Ratio of iti 

Refradioa* 

Let the Angle of In - 

Tab. XIX. cidcnce be ^ot : For 
Fig. 6, that ^>eipg found, the 

Angle of Refraftion, 
and confequently , the Ratio of 
Rcfraaion, will be given, by {Pro6, 
XL or Corol. 2. Prob, L) I et ABC, 
be the Angle of Incidence , and, 
any given Line C A being taken for 
lUdius, let AB be the Tangent of 
that Angle 5 which being bifc£ted 
in D and CD being drawn, ACD 
will be the Angle of Refraaion, 
{hy Cor. a. Proh. I.) Let AE be the 
Tangent of double tni« Angle 5 and 
having drawn C£. the Angle BC£ 
(by Prob, 11. ) will be half a given 
i^nglc, and confequently will it felf 
be given, Suppofe then A^=;: S j 
B A=fr } and therefore AD=i j T i 

AC ='• ; the Tangent of the given 
Angle BC£=f; And becaufe the 
Line CD bifeds the Angle ACE 
{by ConftruSfiott) it will be {by Prop, 

V ^"^ ^^' ^ ^"^^'^ ^^ ' ^ ^' 
fy/ACy-t-AEy):: A .P : D E» 

Wherefore DE = T ^Js+.rr, 

% r 
And T v/i>i>— '■'•— I T= e— 

2r 



^T+rr 

^ rrJ^tt 

iri afi^Us EB F,£CA arefimilar) EC, 

(/SS-+-/r) : CA/ W 5 : EB» 

, Sr — T^ ' 
(5 — T) : PF==--— — —. Whcre- 

TT "^ rr S r — Tr 
/ore t jj \ == ' ' 

Then {Jty fquarifig a>e Parts J 
TT f f -|- r r / * SS rr-^aSTrr 4- 

rr^tt "^ SS-l-^r 

TT V r. And ( fy mmlfipiyiag ti^ " 

l^umerators by eacb otber'i DenomtM" 
tvr$ fftriking out the equivalent lerm 
and by Tranjpoj/ition) SSr4— aSTr4 
+TTr4= SSTT W-J-iSTrrff-f 
r4 tt. And (by extra3tng the ReoU) 
Srr — Trr = ST^ ^- rrt. Now tbe 
Value of S, before' fouitif, bdngfiib^ 
itituted in Its Room, ao^ the jrhote 



T. And again, T /sS + rr =: 
% Sr — Tr. Then {by J^uaring the 
Parti and ReduSiion) it will beS= 

A-Trr 
■ ' • 

4rr.--TT 

Now in Older to- find out Tj let 
BF be Jet fail from the Ppint B per* 
peodicular to C£ -y Then, it will 
be, as the Secant of the given Angle 
BC£, is to the Tangent of the fame, 

thtt is, %s ^ rr J^ it tO f ; fo jS 
CB W A T -t- rrj) to B F = ' 



divided by 



rt 



tiie EquatioD 



4rr — TT 
will becomeTS = 3TTr 4-4rrf, 
orT3 — 3T» t — 4rWr=o. Now 
by refolving this Equation T will be 
found, and confequently, the Ratio 
of Refrsfiion yfi^ be found i^ 
whit goes before, r^^' ^' 

Now in Order to refolve this E- 
quation, let V + ^ ^ P"t for T, 
and then it will be changed intp tbls 
Fofna V 3 .,— ^\tt»-^2t} —^ri^. 
Which being reduced by the Rule, 
which you have briefly demonftra- 
ted in ^g. 27 &• of the Amous Sir 
Jfaac NewtonU Algebra 5 and, fi»p- 
pofing r 33 1, and the Secant of the 

given Angle ^ rr -f- ''— *• "twill 

atlaft come out V=3f ^^TljIJtJp 

%ts ~\i^ ^ ti-f-zt — xtt. OrV= 

3 \^TJ7+i 



+ 



2 r I 



tt 



— • If therefore 



J y^^3 -f- ar'-f- 2 t* 

f to be added to this, the Sum willk 
== T fought. Further, it will cafily 
appear, that the Sines of the Ad- 
gUs of Incidence and Refiafiioa, 



Urn 
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il upon the Drop of Water fixteen Minutes higher than J*^* ^^« 
;F, as you fee ( in the fecond Figure rdatirig to the ?V *• 

Rain-bow ) 

l^guation will come out as before^ 
T 3 — 3T * /— M. rrt =£ Ot If there- 



arev/T» +1 and */ T T + , 4 
and therefore the Ratio of Refiraftion 
i»aa v^T* +4 to -/T^-f-I. 

But T may al£).be detemloed hf 
tiie flowing Confinidioii. ( But 
it it fuppoied that a ftitight Line ef a 
PYea Length, may be fo placed be. 
tiveen two other ftrdght Lines t^- 
Teo is Pofition^ that when it is pro- 
^oced. It may pafa through a given 
Point. 5af Newt, 4fg^» pag. 

^ • Ltne be drawn, and 
in it take CA=:4 1, and CB ^ 3 r^ 
and let'BA be Bifeaed in D ; having 
defcribed an Atchef a Circle on th^ 
Center C with (he Radius CD, let 
D R = r ba' inifribeil In it i wA 
let AR be joined t Having infcrilied 
the ftreightLine ilassDA between- 
PR and J^K produced in fudi a Man- 
ner aa to pafi through the Point C 
when produced, at will be = T. 

For^ let ^ be drawn parallel to 
DR^ and meet I^Kj produced 1^. 
6 J Then ( ieeaufi the Triangles 
GCA, RDA are fimiUt ) as GC 
is to CA \ fo is RP to PA* 
And again {because the TriangUt 
GCtf ad'^ arejimilar) as GC is to 
Ctf, fo^s ^R to da or pA'. Hence 
CA is to dVLy as C^ to DR« And 
^y Ctmfofntiw y Q.a -f- CA is to 

1^^^^^' } asCAtoiRjbut 

4 rr. 

rfR= 

T 
Further CDf^-C</f =s^D x ^ {hy 
7fr9p, 13. Bonk II. of Bud,) whence 

ic follows that \ ^ J^^ \ is to 

i/D, as</RistoC4/— CD. But CA 
r^Ca, is to dD^^ as CA is to ^R. 
iVherefore as CA is to JR lb is dK to 

5 O/— CD > 

I Ctf— CB i • 
Now if iof CA, rfR, C<, CB, 
be fubAituted their Values i vix. 4^^ 

AT/ 

j f ■ ■ T, 3 f : And the extreme and 

T 
middle Terms be fflultiplied by each 
Othcr>and then nduccd i the fitme 



fore DR be Radius, C« will be th« 
Tangent of the Ajigle ot Incidence* 

CorelL 

. Hence we have a Method of met* * 
iuring the Refrafiions of Liquors or 
of any other tranfparent ,Bodiea 
whatsoever ; vis* by expofing a 
Sfphercy of any Sort of tranfparent 
Matter to die Son, and taking by 
Obfervation the Angles which the 
efiedive Rays of the firft Rain-bow» 
make with the Axis of Vifioa^ 
when they come out of it, 
' ' It may be obfervcd here ; that if 
t|ie An|te,. which an clle€UveRayof. 
a given Kind. In any Rain-bow, 
makes with tlic Axis of Vifion, be 
given ; the Ratio of the Refra^oft 
of that Ray inay be found pretty- 
much in the lame Marnier as before* 
For, the Conftni^oo being the. 
iame as then ; foppofe BCA to be the ' 
Angle of Incidence of 
theefieaiveRayofany Tab. XIX« 
BLain-bow propofed { Fig. 6* 
and the Angle £CA> a 
Multiple of the Angle of Refipidioa 
of the fame Ray, according to the 
Number of Reflexions, increafedby 
Unity ; then wi{l £CB>be4ialf a gi- 
ven Angle, or half its Suppieneot 
(iy Preb. IL) Whence ; if CA be 
called r J AB, T s AE, S \ the Tan- 
gent of the Angle ECB, /,as before; 
i; is evident, that the ^me Equati- 
on will always ariie S rr -i^ T rr sa 
ST / -f- r r f s and that nothing elle 
remains, but as in the foiegoiog Pro- 
blem, to find the Value of S, and to 
put it in its Room, in that Equation* 
Take an Example hereof in the ie- 
cond Rain* bow* Soppofe B A to be 
to D A ; af the Number of Reflexiona 
increafed by Unity, is to Unity } 
then DCA will always be the Angle 
of Re^raAion {by Cor, a. Prob. I. ) 
and in the fame Raia-bow DA=-K. 

T, and the Angle ECD double the 
Angle DCA. Jn DA produced, let 
Ad be taken equal to AD. Then will 
DC^=DCE 5 And then {by Prop. 3* 
and az. Beck VI. ef- Euclid) EC a t 
Qd2 (sCDf ) : : EP^ : D^a (_ 

4PAy) 
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T*k. XV. JUin^bow) the Ray GH docs, which being equally re- 
^^•* *.• ftaftcd as the Ray EF, is turne4 to I, and from thenc© 

to 



4DAj') Whence, ECf-^CDf t 
EDf— -4DAf : : CDf : A^hq- Al« 
fo, ECf ssEDf+DCj^+xDE K 
DA ; And CD; sa CAf -4~ ADf 3 
Which bdnf fubftitoted tor EOf . 
CDf ; it will be, EDf + lED 
X DA ( ssjED x»Dax ED : ) 

BDy — 4.DA y (= ED + 2DA x 
tii^xuA) : J ED ! ED— aDA : : 
CAf -f- ADf : 4ADf • And there- 
fore ED : »DA : s CKq + AD* : 
CAf -^ jADf . or ED ? Da : 1 
sCAf 4-ftAD; : CAtf-r-3 ADf » An* 
/^/)^, ED+DA (=EA) : DA : : 
jCAy i— . AD% : CAf — 3ADf 
Whence h is eYideot that £A a; 
3CAf X DA — ; DAC 
■ Now let S» 

CAy--SADf 
r, and J T, be ^\x% for E A. CA aod 
DA refpeaively, and k will \t Ssa 



r*T— .«:4.T» 



«:t 



> { a^ potting thiaVa. 



Jm of S for S in ti^e Equation Srr-^. 

Trr— ^T/— ^rf=o, it will become 
Sri* 

— T>— iSrrTt— i7rA 
e ■ ■ ■' 

rr 



T4 + 



fall from the Point Mswhefeitmeets 
with, the Parabola the Lio« M.Q> 
pfrpendicolar to AQ> drawn ftom 
the Point A parallel to the Axij 1 
Then MQ^will be the Tangent 6t 
the Angle loaght to the Radiua equal 

t» \ CR. 

For let HK meet the ftreigbt 
Line A<^in I, aod the ftreighcLine 
MUt parallel to the Axis in L r leC 
MQ meet the Azii in P alfo. Now 
fince {by C$ti/hM3h») j- CRf zsa 

HMf-^HA^ 5 and fJM?=J?^J | 

4.LHf ; and PKy feOJ^coDP»l 
S5 DKg ^aDK x BP+ PPf j and 

-I-2MQX iH+IHi; *»*W^^ 

CRf = DPf — iDP X DK+ MQf 
4-aMQj< IH. 

Further, (from tbt j^^tnre •/ 'Ae 
J^an^^U) at ADf : MPf — ADf 



the Tangent of the Complement of 
the Angle ECR) T4 +8JTi .^ 

The Problem being 
Tab. XXVf I. thus refolvcd, it may 
Eig* 2* be conftru<^ed in the 

following Manner by 
Means of any Parabola. Let MAC 
be a Parabola, its Vertex C, the Ax-' 
Is CDFK, the Parameter of the A xis 
RC $ and taking a third Part of this 
ior the Radius of a Circl^j Jet J be 
the Tangent of the Comp cmeat of 
the given Angle ECB. Let AD = 
%J be an Ordinate to the Axis, and 
]«t DF be taken fqua! to ^ Cj FK=5 
a'cF, and from the Point K icr KH 
be treQtS perpendicular to the Ax • 
is, and meet the ftreight Ltne drawn 
through A anj F, in H. Thfn 
having d-fcribed a Circle on the 
Cen t^^r H with a Psdias equal to 

,<^M.if-^^s^i Ij and having let 



'•<^D( 



'—.ADf 



} : pp. Whence DP 



1 0, or (potting J fdr — ^ that is, 5= 



CR 
MQy + aMQ^X AD 



CR 



Alfo DK 



(=:aCD+|CR) = i^^+lCR* 

* CR * 

A^ (hecaufe tbt ^Triangles FDA, 

4ADC 

AIH ate fmlar^ IH=; i (- 

CR£ 
aDA. Let thefe Value? be fubffi-. 
tuted in the foregoing Equation for 
DP, DK, IH, and it will produce 
j.r.Rj— MQ^yy 4- 4AD X MQ£ 

^aMOf . Or MQff 4.4.AD x Uf^ 
-T-iCR^ X^ M,Qf -^ y CRfys: is. 
And Ufiiy, putting MQ=cT, ADss 
aj, CR = jr : It will be T4 -J- 
8JTJ — iSr* T* — a7r* =55 0. 
Whence it is evident that MQ^il 
the Tangent of the A ngle fought to 
tbeUadia&i.cK» 



to L> In order to go at laft to M, where it undeigoes an 
equal RefnwEyon with the Ray NP, and makes with the 
Line ON, the Angle ONM which contains forty one 
Degrees^ and fourteen Minuiss. So likewife, th^ cffec*- 
tive Ray QRy which copies from the lower Part erf" the 
3un, falls upon the Point R, which is fixteen Minutes 
lower than the Point F of the Ray EF, whence it is re- 
fraded to S, and from thence reflefted to T, where go- 
ing out into the Air, it conges at laft to the Place, V, fo 
that the Line TV makes an Angle of forty one Degrees 
?nd forty fix Minutes with the Ray OT, 

7. In computing the Bendings of ^ fuch Sort of Rays 7* ^/ ^^^ 
as 2 3 (in the firft Figure) which we fuppofe to come 2?^d^^ 
from the Center of the Sun to the lower Part of thej{«^. 
prop, and after two Refraftions and two Reflexions, to T»b. XTI^ 
tend towards the Eye in fuch Lines as 6 7 ; we find that ^^* *• 
that which W€ calf efFeftive, and is reprefented by the 



If the Roots of thU Equation h9 
defired io Nvtnbers^ iet the Nqine<r 
n| Tangent of the CompJement of 
the An^ BCB in the ^abJes, he 
fubftituted for J, and the nomenl 
Radios in the Tables fbr r ; And then 
a nomeral Equation will be given, 
which may be r^iblved by the com* 
mon Rules. 

For Infiance, the Angle which the 
blue Rtys mike with the Axis of 
Vifioo in the fecond Rain-bow, is 
54.* . o- »6''. Half of this, v/«, 
27®. 4*. 4%' is the Complement of 
Angle EGB. Aod the Tangent bci- 

rr 
longing to it, (r-E^^ J) .5112854., 

t 
fuppofiftg the Radius (r) t, ThelSi 
then being fabilituted in the forego- 
ing Equation, for J and r ; there will 
arife the numeral Equation T4 -|-4« 
090x831 T 3 .^iST) — ayaso. 
By refolving of which^ T or the 
Tangent of the Angle of Incidence, • 
vnil be found to be 2*977 5981 1 
Aod the 3dPait of this o«99253S7 
iathe Tangent of the Angle of Re- 
fra^Unn j and the correfpondent Sines 
of tbeie, will give the Ratio of Re- 
fra^ion of the blue Rays j Now thefc 
Sines are to each other, and confe- 
qu ently the R atio of Refrafton. as 
y/ r» -f- 9 to y'Ti-f-r; thu 
j*t 8942268 to 31410, oru 109 to 
^i YCiy Acarly, 



The aforefaid Eqittton lifls alio c 
Begttive Root, v/».— .(.8 1 62276 5 | 
from whence it may be gathered, 
that the Ratio of Refira£|ion it very 
nearly as 347 to 321. for there 
are two Cafes of RefraOion, in 
which the cfledive blue Rays ot the 
fecond Rainbow, make the fame 
Angle (54». 9'. |) with the Axta 

of Viiion) or when the Ratio of 
Refra^on is as 109 to 8r { as ia 
Rain Water, in whi^h Caie thef 
Tangent of the Angle of Incidence 
will be 2.9775981 ; or as 347 to 
321, aod then the Tangent of tho 
Angle of Incidence will be 6. 
8162765. And as to this latter 
Cafe ; if the (zceis of the Sbes of 
Incidence of different Sorts of Rays^ 
above the common Sine of Refrac* 
tion, be foppofed to be always in t 
given Ratio $ Since the Ratio of Re- 
fraAion of the bine Raysi is as 347 
to 321 > that of the red Rays in the 
fame Medium, will be nearly as 346 
to 321. Whence it will appear by 
Citlculati:)n according to the forego- 
ing Rules, that in fuch a Medium, 
the red Colour will be cotermoft, 
and make an Angle of about 56X 

gr. ; with the Axis of Vifion, and 
the blue within, *in tlie fame order 
as the Coloura of the firft Rain- 
bow* 



Line 



L 
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Line 6 7, (in the third Figure) makes with the Line 8 6^ 
which comes from the Center of the Sun, the Angle 867 
of about fifty two t)egrees^ Whence it follows, that the 
tStSdve Ray which comes from the higheft Part of the 
Sun's Body, makes with the fame Line 8^6 an Angle of 
fixteen Minutes lefs, and that which comes from the lovr- 
eft Part of the Sun's Body, an Angle of fixteen Minutes 
more. Thus ABCDEF being the Courfe which ^ cf- 
feftive Ray takes, in coming from the upper Part oi the 
Sun, in order to gqt to F* where we fuppofe the Eye 
to be placed, the Angle 80F is about fifty one Degrees^ 
^d forty four Minutes, So likewife GHIKLM being 
the Courib which an e0e£tive Ray takes in coming froni 
^ the lower Part of the Sun, the Angle 86 M is very nearly 
fifty two Degrees^ and fixteen Minutes. 
S. Of thi 8. Becaufe we own that there are a great ^lany othex 
^'/c'7** ^^y^ which are effeftive, befides that which comes from 
2K<A w*^ the Sun*s Center; therefore there ^luft be fome Altera- 
mjbtDrtpi tion n^ade in v^hat we fkid above concerning the Shadow : 
rfRatu. For of the thre^Rays drawn in the fcoortd and third 
Figures, the two extreme ones only have a Shadow ad- 
joining to them, the middle one has none a^; ^. Whence 
it is manifeft, that thefe Rays have |]1 the Conditions pro^ 
per to raif^ tl^e Senfation oiF flours like thofe feen by 
Means of aTriangular Qlaf§ Prifm^ which we explained in 
the firft Part of this Treatife. ( i) And wie are fure in par- 
ticular, that the Ray TV (in the fecond Figure) 6ught 
to appear red, becaufe it is refra^ed towards the Side op- 
pQfite to the Shadow ; that the Ray LM (in the fame 
Figure) ou^ht to appear blue, becauf^ the Refraftion is 



Tab. XV. 



(l) And vft art Jure in particmhr, 
Ite.) Tlie Drcps of Water are here 
JQ^Jy cnrnpared with the Prifm, acd 
the Acoount of the Shadow b right. 
But the natural Caufe of thefe Co- 
lours, which the Author affigns^i is 
of no Moment, bccaufe it depend^ 
opon Principles whic^ are not true* 
We may rather aifeit, that that large 
Quantity of thick Light, or thf^ 
Bundle of &ays colle£te(^ together in 
a particular Point of the Drop, may 
Vfi looked upon as a lucid Bi'dy ter- 
minated on til Sides by a Shadow. 
Thefe Rsys of Light, fent to the Eye. 
are diflferent from cne another, and 
are fitted to excite different Colcors) 
and they are differently re^ra^ed as 
they co^Dc out into the Air^ though 



tl^ have all the fams laddenc^ 
when they fall upon the re5:aAing 
Superficies* Thefe dif^eic^t' Rayi 
therefore muft neceflarily be lepara* 
ted from each other hj Kdn^bost, 
ai^ the various Sorts of them muil in 
great Number* tend difFcrent Wa^s ; 
and confequently thit lucid f^olnt o^ 
the Drop muft appear edged with Co- 
lours, that is red, green, and Uoe 
Colours, muft ariie from t^e Mxtrt^ 
mitiet of the red, green, ''and Uoe 
Images of the Sqn, (which arc pafjit- 
ed upon the Eye by the difierent Dn^ 
one above another) in the&me man- 
ner at we find there does in all Bo- 
dies, whether bright or opakc^ whci 
looked at through a Prijmm 

■ 

made 
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made by approaching towards the Shadow ; and Laftly, 
the Ray NP ought to appear Yellow, becaufe there is 
ho Shadow at all on either Side of it. So likewire, it is 
eafy to fee, that for the fame Reafon the Ray EF (in the j^^^^ xv^£» 
third Figure) ought to appear red, LM blue, and 6 7 FJg. 4, 
yellow ; fo that the uppermoft Ray in the third Figure, . 
produces the fame Effeft as the lowermoft Ray in the fe- - 

cond Figure : It is alfo very evident, that the Rays of 
the Iccond Figure ought to produce more vivid Colours 
than thofc of the third Figure; becaufe the firft are 
weakened only three Times in the Places where they are , 
refraded and reflefted j whereas the latter are weakned 
four Times in the Places where their Reflexions and Re- 
fraAions are made. 

9. What we have |iow faid is exaftly agreeable to Ex* f^^f" ^T 
perience. For having filled a Glafs Globe, of about three Pr^flf 
Inches Diaiheter, with Water, and held it .in the Sun ; 'V« c»- 
when my Eve was in the Place marked V ( in the fe- ^''J* j.^ 
cond Figure) I always faw a very vivid^red Colour which Fig.'g. 
feemed to cover all the Part about T ; and, the Eye re-^ 
maining in the fame Place, if I lield the Globe a little 
lower ^ or if without altering the Globe, I raifed my 
Eye a little higher to the Place marked P, I faw the 
Globe, covered as it were with a vivid Yelfew, all about 
the Point N \ and if I held the Globe a little lower ftill, 
or raifed my Eye a little higher, fo as to be in the Place 
marked M, I always faw the Globe covered with Green 
or filue, about the Point L. So likewife, if my ^^^ i^,x^\, 
-were placed in F (in the third Figure) I faw Red in the Fig. 4, 
Place E ; and putting my Eye in the Place marked 7, I 
law Yellow in that marked 6. ; and laftly placing my Eye 
in M, I (aw Blue or Green in L. And which is worth 
obferving here, the Colours which I faw, by Means of 
the Rays in the third Figure, were lefs vivid than thofe 
made by the Rays in the fecond Figure ; for thefe were 
ibnietimes fo bright, as quite to dazzle one's Eyes. 

ID. Nor is it at all ftrange, that fome Philofophfers ,0. Antaff 
"who could not make this Experiment fucceed, have ^«jrr«jM^ 
doubted of the Truth of it : But I thought of a very ^^M'going 
ea,fy Way of doing it, and that is, to try the Experiment r*^"*** 
in a Place where fcarce any other Rays can come but 
only fo many as will cover over the whole Globe, and 
to put a Sheet of white Paper in the Place where the 
Eye fliould be to fee the Cglgurs ; For then we ihUl 
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fee Red, Yellow and Blue, at the fame Time, painted 
very diftinftly upon the Paper. 
^y^r^f XI* Further i if we go on ftill to raife or deprefs the 
Hftb% luii -^y^j ^^ t^^ i^ b^ "ot any where in the Space VPM 
9f Light' in the fecond Figure, or F 7 M in the third Figure, we 
Tab. xy« fjjall fee no Colours at alL And there is no Reafon to 
'•' * fufpedl that the Colours Which we faw before, were cau- 
fed by other Rays than thofe mentioned ; for if, for 
Example, the' Glafs Ball be covered almoft all over^ fo 
that the Rays of Light have no Paffage any where but 
at the Places marked F and N, in the fecond Figure, vref 
ihall ftill fee them ; whereas we (hall fee them no longer 
if only one of thcfe Places be covered ; or if any opake 
Body be put in the Hole of the Glafs Globe whertf 
the Water is poured in to fill it, which may intercept ei- 
ther of the Rays FK or KN j though all the reft of the 
Globe be free and uncovered* 
«2>* ^> il, Befides the Difficulty of diftlnguifliing thefe thre^ 
Coiws Zre Colours, by reafon of the very great Vividnels of the Rays^ 
motfi eaji/f thcre may be another, if we make ufe of a very fmall 
Jten, iftbt Globe^ and efpecially if it be furrounded with very bright 
£^lieiu Objcda : For thefe Objefts (hake fo much thofe Parts 
h9 made of the Eye upon whlch they dcfcribe their Images, by 
Qj^'l^^the Impreffion they make, which extends itfelf a little all 
round; that the effeftive Rays which come from the 
fmall Globe, and terminate upon the fame Capillaments 
of the optick Nerve, are not capable of making fuch an 
Impteffion as can be perceived* But this Smallnefs may 
be compenfated by the Number; and a great many very 
fmall Globes^ fuch as Drops of Rain are, fide-ways and 
above and below each other, may make the Space which 
they poiTefs^ feem to be filled with thefe three Colours; 
provided the. Place in which they are, be fuch, that the 
cffeftive Rays belonging to them can come to the Spec- 
tator's Eye* 
1^. fFbat 13. Now in order to find out where this Place is, let 
^r<fs 6f 115 imagine a ftreight Line coming from the Center of 
app9sr <•- ^^^ Sun, and pafTmg through the Eye of the Spectator, 
Uurtdi Md whofe Back is turned towards the Sun > to be continued 
%*yi^!' ^" ^^ ^^^ ^^"^ oppofite to the Sun, fuch as VX in the 
Tab! XVI. fecond Figure and ;^ X in the third Figure. This Line is 
F|[. 8. that which fome others before us, have called the Axii 
7*^4^^^' ^f. ^ifi^^y which becaufe it comes from a Point fo very 
diftant, may be looked -upon as parallel to all the Lines 
which come from the fame Point. And becaufe* a right 
Line falling upon two parallel Linesj make the oppofite 

ftkernaa 



Chap. 17- ^/KAti^itAi. PttiLOBOPttY. 459 

alternate Angles equal ; if we imagine that there goes 
from the Eye of the Speftator, to the Part oppofite to 
the SuHj (where we fuppofe it to rain then) an indefinite 

' Number of vifual R-ays^ which make three Sorts of An- 
gles wikh the Axis of Vifion, vtz, of forty one Degrees 

I and forty fix Minutes ; forty one Degrees and thirty Ait* 
nutes ; and forty one Degrees and fourteen Minutes ; and 

I that thefe Rays meet the Drops of Rain which the Sun 
(hines upon ^ we fliall eafily apprehend, that thefe vifuat 
Roj^s fnake Angles of th^ fame Bigncfs, With Lines drawn 
from the Center of the Suit t6 thefe Drops ; and confe-* 
quently that thefe 'Ra3rs are the fame as the effeSfive Rays 
which c^ufe the Senfation of Colour : Thus m particular^ 
we are fuie, that the ^//&^/ jRdyy which make Angles of 
forty one Degrees and forty fix Minutes with the Axis of 
Vifton^ are the very fame as th& ^eflive Rays of Lights 
\7hichcaufc the red Colour, as VT in the fecond Figure ; Tab. XV. 
thofe which make Angles of forty one Degrees and thirty F* *• 
Minutes^ are the fame as the effeSfive Rays which caufe a 
YcHow, as PN in the lame Figure ; And laftly, thofe 
which make Angles of forty one Degrees and fourteen 
Minutes are the fame as the effeSfi'Oe Rays which caufe 
Blue or Green, as ML, So that all that Part of the Air 
where thefe Drops are, and where thefe vifuat Rays ter- 
minate, ought to appear tindured with thefe three Colours* 

I4k Further ; it is evident, that if the Eye be placed in 14.. 7^^, 
the Vertex of a Cone^ in order to fee the diflFerent Objects f^* Dropg 
whith are upon the conick Superficies, without ^^^vingj^^^*^*^^^' 
any Regard to their Diftance ; thefe Objefts muft feem andifpofid 
to be in the Circumference of a Circle, Now the Eye '« « Circle, 
of our Spe6fator is in the common Vertex of thtee Gones !^JfJf'^ 
formed by the K)ifual Rdys^ which make thofe three Sorts Raiu iaw» 
of Angles before-mentioned, with the Axis of Vifion : 
And the Drops of Rain which appeared, are in the Su- 
perficies of that Cone, whofe Angle at the"Vertex is big- 
geft, and which is the external one of the three* Thofe 
which appear yellow, are in the Superficies of that Cone, 
whofe Angle at the Vertex is a little lefs : And Thofe 
which appear blue or green, are in the Superficies of the 
third Cone, which is within the other two : All thefe 
Drops therefore ought to appear like three Girdles difpo- 

' fed in a Circle, the one red, the other yellow, and thelaft 
green : And becaufe the vifdal Rays which come from 
t^c Eye of the Speftator, make with the Axis of Vifion^ 
Angles a little bigger than forty one Degrees^ and forty fix 

' Minutes \ 
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Minutes ; or a little lels tfaap forty one Degrees and four:' 

teen Minutest; they inake alfo greater or lels Angles witt 

the Lines drawn from the Center of the Sun to the* 

Drops of Rain ^t their Interfeftion j whence it follows, 

that thofe vi/ual Rays are the fame with Ibme of thofe 

which wc before called ineftedual, or incapable of raifing 

the Senfation of any G>loun So that thefe three Girdles 

which are red, yellow and green, beihg cIoTe to each 

other, and no coloured Objects bcfides near them, they 

tnuft form the fi'rft and principal of the two Rain-bows 

that are often feen. 

'a %^*^ 15- It IS to be obferved j that when t juft now de- 

nb^cb Ji^L termined the Drops of Water that ought to appear co- 

#0 af>ptmr loured, I excludcd thofe which meet with the vtjual Rays 

€oiourid. which are fuppofed to come from the Eye of the Spe£b- 

tor, and to make with the Jxis of Vifton^ Andes bigger 

than forty one Degrees and forty fix Minutes ; But I did 

not mean to exclude thofe Drops, which other vifual 

Rays meet with$ and make Angles confiderably bigger. 

For It IS certain, that if we fuppofe an indefinite Number 

of thefe Rays to come from the Speftator's Eye, and to 

make with the Jxis of Vifion Angles of about fifty one 

Degrees and forty four Minutes ; and other Angles of a-* 

bout fifty two Degrees^ and others of about fifty two 

Degrees fixteen Minutes^ the Drops which they fall upon 

ought to appear coloured : And particularlyj thofe of 

them ought to appear red, which are feen by the Rays, 

which make an Angle of fifty one Degrees and forty 

four Minutes 5 becaufe thefe are the fame as the effeiStive 

Rays, which after having been twice reflefted and twice 

refrafted, have a Power to excite this Colour, fuch as 

^ab. XVI* the Ray FE, in the third Figure* Thofe ought to appear 

^%' ♦• yellow, which are feen by the vifual Rays^ which make 

an Angle of fifty two Degrees^ becaufe they arc the fame 

as the efFecSive Rays which produce this Colour,, fuch as 

6 7 in the fame Figure. And laftly, thofe Drops ought 

to appear blue or green, which the Rays fall upon that 

make an Angle of fifty two Degrees fixteen Minutes^ 

becaufe thefe Rays are the fame as thofe which caufc 

* blue or green, fuch as ML in the fame Figure. 

16* OftU 16. Further, thefe Drops being difpofed in a Circle, 

"£» and' round about the Axis of Vifion^ very near each other^ and 

%»h^ein it there being no other coloured Objefts near them, it is 

^f^V^I^^ manifeft, that they muft form a fecond Rain-bow ;. which 

' '•^''^' from what was before faid, muft have its Colours fefs 

vivid than the firft^ and alfo be difpofed the contrary 

- Way i 



Way ; for tile Red Galotirr, whkh dppeSirB imdeir ^e Mg« 
geft Angle, in the firft Rain-bow, is outermoft, zni ti» 
Koe imierihbft j but iff ^hisfecohA Rain-bow ; the Red 
n^ich a(9t)eaif» under the teaft Angle^ is innermofl:^ aiid the 
Bine outertttoft. 

17. This Explicatiort very well accdunts for tli^^Dif- »7v^^** 
le ici it^ and Order of the Colours whtclv appear i» the in- j//'^*^^,/, 
terhal and extern^ Rain-bow, and i^ iufficient to c6nvmce/«V7/iJa/«. 
us of the Trutfh of it. And I cannot poflibly hdlp being **^* 
fully aflured that it is fo^ when I fee that every Time 

the Wind Mo^vs backwards and forwards, and dffperfes 
every Way, the Water of a Fountain, while it^is- ptayhig ; 
or when ever I fjwrt Water out of my Mouth and fcatter it 
about in a Place oppofite to the Sun , where its Rays cdme, 
and beyond which there is no brigfet Objeife 5 there 
alwa^ appear artificial Rain-'bows, which do not at all 
differ from thofe we call natural ones. 

1 8. For want of confidering- this Experiment, ^ome i«. ^C^*- 
iliodem Pfiflofophers have attempted to explain the Rain- i'^'JJJ^^^ 
bow, by imagining, that there is formed in the Air, zphUcfi 
tranfpareqt Cloud of a particular Fieiure, which, when^^«'''» ^'*^^ 
the Rays of the Sun pafs through, refraas them in fuch a ^rf^/"''''' 
manner, that when they come out of this Cloud, every 

one of them becomes capable of exciting the Senfation 6£ 
fome Colour ; and all of them together become capable' ' 

of forming a conick Superficies, at the Extremity of which 
there is fome Cloud, by which the Rays are reflected to" 
our Eye, and fo caufe the Appearance of a Rain-bow. 
For; if, wii9iout giving themfelves the trouble to exa- 
mine a gr^t many Things whiclr neecfikrrly fcflow fjfom- 
this Hypothefis, and which do not at all agree with Expe- 
rience, they had but confider'd, that there is nothing at 
ail like this tranfparent Cloud interpofing, when, what 
they call artificial Rain-bows are formed, they would 
have been convinced that tlneir ConjeSures are f^lfe. 

19. Thofe that fevour th'e^ExpIication which we have 19. TBae it 
AoW condemned, always anfwer here j that Rain-bows "^^y^ 
have been feen, when it has not rained ; and therefore p/^7/wI«I« 
riiey mufl necefTarily depend upon fome other Caufes, at the Rain- 
fcafl fometimes, than thofe which we have afEgned. But ^^w »*/*•«• 
this Obferv^tion concludes nothing againft me ; For it 

does not follow, that becaufe there is no Rain where we 
are, therefore there is none any where elfe. And what - 
I have faid concerning the Nature of the Rain-bow, feems 
to me fo necefTary, that I think, I may fafely venture to 
Vol. II. Q^ affirm 
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affirm that it always nuns in the Pbce where the RaiiH 
bow appean. 
«o. »*yt6« 20. It will ftill farther cojifirm our Opinion ; if wc cait 
^atZys fl»^w that all the Properties, which have ever been ob- 
4/ ibtfam ferved in the Rain-bow, may be deduced from then^ > 
ir$adtb* And firft ; in our Hypothefis, it is vary eafy to give a 
Reafon why it is always of a certain Breadth^ and never 
increafes or diminifhes ; for it is manifeft, (i) that this 
Breadth muft neceifarily be contained under an Angle of 
thirty two Minutes^ which is the Difference oi the^Uigles 
under which we have fhown the extream Colours ought 
to be feen. 
ea^J^l^ "' The Rain-bow mufl alfo neccflarify appear more 
men d^inB diflin£b on the Red fide than on the Blue, where the Oh 
?ifY*^ Icnir grows Winter gradually, till it vanifhes. This yoi* 
tbi bim! ^ ^*^ readily acknowledge^ if you look upon the Figures 
where all the Rays which come out of a Drop are de- 
fcribed, and obferve ; that there come no kays at all 
out of that Side which we affirm to exhibit the Red Co- . 
lour ; but that there does come, out fome on that Side^ 
which exhibits the Blue ; which, though they are not 
able to caufe any vivid Senfation, do yet excite fome Sort 
, of Senfation. Whence it follows manifeiUy, that becau£& 
thofe Drops of Rain which are on that Side of the Rain- 
bow which appears Red, do not fend any Hays at all to 
our Eyes, therefore this Colour muft c^ie all at once ^ 
Whereas the Drops which are near thofe that appear Blue, 
do fend fome weak I^ays, and therefore we ought to fee 
a fainter Colour in the Place where they are> and this^ is 
the Reafon why the Blue fades infenfibly. 
**• ^ff^^^ 22* Again, if we confider that the Drops which ^pea/ 
jp^rfoMdo coloured, are feen under a certain Angle about the Axis 
futfee tbt ^ Vijiott J and that two different Perfons have a different 
Jm Ram- ^xis, we fhall plainly fee, that every Spe^tor has a par- 
ticular Rain-bow of his ownj And this is confirmed by 
- Experience J (contrary to the Opinion of thofe who ex- 
plain the Rain-bow in the manner which we jufl now coa- 
^ futed) firft in the Water which is fcattered about in the 

Air, by a Fountain or out of one^s Mouth, in a Place 

(]) That this BreaJtb,Scc») Tixis Wfr cannot fee thefli of ib great ■ 

U a Ycry great Miflake. For thef Breadth* See above, Art, 6. But 

eutmoft or firft Rain -bow, is reaJly it was very eafy for t Peribn to anke 

above two Degrun broad, and the this Miftake, who waa ignotant t^ 

inner one abtwe four Degrut ; but the different K^fhi^oos piP the fe?' 

the Colours in the extreme Parts of veral Colours* 



the Rain-bowl are fo oblcure^ chat 
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ifite to the Sun : for in both thefe Cafes, every Body 
the Bow in difierent Drops, and refers it to diflereht . 
So liJtewife in very great Rains, caufed by thd ^ • 
liifdiition of the Clouds, if a Rain-bow appears, and w^ 
^Can apply the Horns of it to any thing that is fixed, we 
ihall find it change Its Place as we move backwards off 
forwards ; And this gave Occafion to this Saying i Thai 
the Ratn'tfow follows thoji who JUe from //, and fees from 
tbofe tbatfollow it. 

23. The Bignefs of the Rain-bow is more or lels, as ^^^fl^^^ 
more or lefs of the conicic Superficies Is above the Surface it Partem, 
of the Earth, at the Time of Obfervation ; And this Pdr- ^^^^^ fi 
tion is fd much the lefs (i) as the Inclination ofthQAxts^f^l'^fi 
tfViJion to this Surface, is greater; now this Inclination ii hightf 

is fo much the greater as the Sun is highei*; The higher "^^ '*« 
therefore the Sun is, the lefs is the Rain-bo^. .^'"'^'•• 

24. It is evident, that if the Sun be nidre than forty 14.. Why m 
oht.D€greiSy and forty (ik Minutes elevated above the Ho- *''«-^»w J 
rizon, then the Superficies of the Cone, in which the^^^^^^ 
Rain-bow ought to be feen, muft enter into the Earth at fbt Smm it 

a little Diftarice from the Eye: Whence it folloWi, bfc- ^'^j^'^^'^J^ 
ouie there are ho Drops of Rain in the Place where they gm'a^ovt' 
would appear coloured, and this Place is not vifible, be- '^ Hori»m^ 
ing within the Earth ; that therefore there can be no prin- . " 
cipal Rain-bow (een at alii 

25. Further; if theSuii bd nfcveir fo loW, even In *^ j^;„^'** 
Horizon, it is impoffible to fee any m6r6 thai! a Sertiicir- jj^*^'^^^ ^ 
de of a Rain-bow, if We look upon it froril a Plain ; be- Plah, eon 
caufe its Center is always in the AxisofViftoh ; ^hich jj^'^^^ij^'^' 
Axis is then upon the Superficies Of the Earth, and not a^^mieirdu 
the leaft elevated above it, unlefs you reckon the Height 

of the Spectator's Eye, which is very ihconiiderable, efpe- 
cially if the Rain, where the BoW is, bd at any Di- 
ilance. 

26. Thdpef is no doubt but if livheii thd Suh is in the*«-.^w ^ 
Rorizdh, the Spectator were at ayd^y great Height above g^t'^fli^g ,/ 
it ; as, for £xample, upon th6 Top of fome very high an tmUrt 
Tower; that theil the Height of the Axis of Fifm, m C'^^» «4r 

' which the Center of the Rain-bow is above the Horizon j^ ^ ' 
would beconfiderable (compared with the Bignefs of that 
Circle, part of which the Rain-bow ufes to be) and fo more 
than a Semicircle Would be feen. And we may fuppofe the' 
Tower fo high, and the Rain fo near the Speftator's Eye, 
that he may fee a Rain-boW cdnfiftirig of an entire Circle. 

■ (1) At tht laelinstion, Ac.) That Per|tendicul*r with the Earth,i a wr/ 
»> U more eleraced^ oc netrcr to « unvfual Siufk •[ ikit Word* 

Vol. IL , <ia vj. Aa4 
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%7,Bh» s ^y. And if at the fameTime, tomt Cloud (hoifld hin-^ 

^^JtZr ^^^ ^^ ^y^ ^ ^"^ ^^"^ felling upon the upper Part 
M»^ of the Circumference of this Circle ; then the lower Part 
€^y would be feen, and the Rain-boW would appear in^- 
v^rted. Such perhaps thofe have been that arementipned 
by ibme Authors as very extraordinary Things. 
mf . jlmiher 2^* What I have now (aid does not hinder but that ^, 
P^sfoffH' Kain-'bow may be fcen inverted by fome othct Means ^ 
Trnfimrf' Fof ^*i when the Sun is above fortv one Degnes and forty 
«A ' fix Adinutes high, ^ts Rays (hould tall upon the Superficies 

of fome large fmooth Lake, in the Middle of which we 
fuppofe the Spefiator's Eye to be ; and at the faille Time 
there fhould fall fome Rain in that Part of the Air to 
which the Rays are refleded, it would be the ianjie Thing 
as if the Sun fliined below the Horizon^ and the Axis of 
f^0»^ extended it felf upwards : Fropi whence it follows, 
that the conick Superficies which determines the Drops 
that ought to appear coloured, will be entirely above the 
Surface of the Earth; but becauie the whole Clouds pof- 
fe(^ the up{>er Part of that Superficies, and the Props of 
Rai^ the lower Part only ; it is manifeft, that an inverted 
R^in-bow only can be &en, 
V-^tHL' 3^9. Here we ought to remember, that we ate not capa- 
^i^^g ji blc of conceiving diftinfily in our Minds, the Images of 
^V^^ &^^ Dift^ces^ but that all, Obje3s beyond a certain 
rfni^ Limit, appear at the fame Diftance ; and this is the 
Rea/bn why there are an infinite Number of ObjeAs, at 
unequal Diftances from us, which yet we judge to. be all- 
tqually dlflant from us ; ^hus, though the whole Su- 
{)erficies of a great many Clouds together, is venr une« 
qual and like Waves ; and th«^ dif^rent Parts of this Su^ 
perficies are very unequally diflant from the Place where 
We are ; yet we generally imagine it to be one fingle con-' 
cave fphasrical Superficies,^ of which our Eye is the Cen- 
ter, and we place in it a great many other Qbjeffcs which, 
are much below it, as the Tops of Steeples, and the Binik 
which fly in the Air : Now this Miftake,. or rather Dfe- 
fed: in our Imagination, makes.us think that the Colouit 
in the RaiQ-bow are placed in the fame Superficies, and 
^e. 7h0i confequently we judge them to be further off, larger^^ 
thire is W9 aiid more exadly round than they really are. 
in^?^ 30* Hence we fee, that though tlie Drops of Rain art 
intbl'piaa ^^olxittly neccffary in order to produce a Rain-bow^, 
'lobert tb€ yet it may happen, that there may fall none in the Pbcei' 
in^u9 ^^'^ w<e imagine tte Rain-bow to be;, 

31. But 
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31^ Bai 1 0Hift not ioiget, upon thi^ Qfx^fion^ tQ ^fce y*.*5^ * 
Notice $ that if th^ Props of Rain that ought to 4KWfr «^'^^5^ 
polouredy do not ki{ipen to i)e dire^v a^nft aCloi^, m « jir«. 
buff «^iAft ibine other Objed^ which the $pe£latoi^9 £fe ^^* 
is fi:^ed upon I hp wU im^ine that be f^ a Rain-^bow 
! painted upon thoie Objedb : And thi|s I hav« fsm fome 
paiqted upon thf $id|s of Mountains } and a Friend 6f 
i&^t b<$i% not }ong fince upon a v^y high put of the 
Alps, and looking down into a Valley ov^ againii him> 
whfifc it ifained v^ty hard, and the Sun» which w9s at a 
gie^t hei^$ ^bove the Mmfm% and on ^ f^pofite Sidlis 
|o the Raix^ Ibone upon the Drqps$ faw a v(siy vivid 

IU»ir-bow^ whii^ he Mi$vod to bfiiipon the GniS in a 
M«9dow bflow tiie lUin. 

3SJ, Nor ottghlt I to pafs over in fifcnoe a very i»- j,, 0/49$* 
inarlpahfe Obfcrv^tionj, which i? thi? $ that, wheieas we '^ <5«r«flr^ 
hive hitherto ccwifidiBrel die Drop3 of Waler^is iaUing ^*"^' 
in thi^ 4ift And fiKcocding each other in tbofe Places * ^ 

wh^iy they ought to a{>pdar coloured i w^ may alfo con- 
fid^ them> as hwi i^ fom9 PIigpS) wheiie they may <;ohr 
tinue vf ry netirly round i Thw» 9 very ing^ions Kribn 
"i^^ing upon alBAnk one Morningt &w on one Side of 

him, upon the Grafs, in a large Me^o^^v jaft by, a Sain/- 
^ow» which ften^d to ch^ge its PUce and to go ^ong^ 
iHth him I which h^ was the snore furprized at, beaiu^ . ^ 
it was very cl^ar and no Cloud to be feen any where. But 
his Surprise ceafed, wb^ upon examining the Herbs in 
the Meadow9 he found almoftall the Leaves coverad with 
DropQ of Wattr, hke ^oi^ M Dew, wjbich heJmagiaed ^ 
were caufed by a very thick Mift falling, ^th whidi the 
Air w^ filled but ^liftle before : Fnr^ he not bemg imac* 
qtiainted with the forcing £xplicatij»t« rightly judgsd^ \ 

thftt it W2W thefe Drops of Water which were the OccA-^ . ' 
iion of the Rain-bow being feen fo long as they nemaihed 
v^&B, the Herb» : And he very wdl knew, that this fibw 
fHigbit to ^pear inverted, 95 indeed it did ; becaufe it wa^ 
I only the lower Part of the conick Superficies which fiar- 
rounds the Axis of Vifion^ that paiifed through the Drop^ 
\ ofWjjiten 

3 J. Further $ That there may remain no doubt but thdit 33*. ^fJJV * 
* the exaft JEloundnefe con>i^only obferye4 in a Raln-boitf, ^ly'SfLr 

dep^^, as was \^&i^ iaid, upon this ; th^ we imaghie imUmi, 

^ its OrfoiuB to be painted upon a SuperAcies* which #p 

i JWieve to be in eVery Part Cqua^lly dlftant ftoin us ^ let 

^' .^s confider, that if the Rain which caufes the Rain^bOw, 

f^ ib near loiis, d»t ^i« can percdvii tifc dift^it Dt 

Q 3 f^wf^ 

i , ■ * 
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«^ fiances of the Drops and Clouds or any other Obje£ls be- 
yond it, upon which ive imagine the Bow to be painted^ 
' then the Rain-bow will not.appe^ ib regular^ but we fbaU 
perca ve a great niany Sorts of Inequalities. For Example^ 
if the Wind blows it towards us, fo that the lower Drops 
are nearer us than the higher ones; then the Horns of the 
Rain-bow will appear to be notfo ^ off as the Arch, 
and'confequently the Bow will ieem inclinQ4to the Ho- 
rizon. 
liS^M^ a 34* And if the Rain be terminated on the Side of the 
HsiM-Sow Spectator in a Plane fo inclined to the Apcss ofVifimy as to 
^Vit^f "**^^ ^ 2iOxt!t Angk on the Lcft-Hand, and an obttiie 
fntMt fit' one on the Right; the conick ISuperficies, which deter- 
Jlsactu mines the Drops of Rain that ougfit to appear coloured, 
snuft neceflarily interfcA thoie Drops in fuch a manner, 
that thofe which are on the Left Hand, will be much 
nearer to the Speflator ( i) and to the Axis tfVifimy than 
thofe on the Right : And because thefe twoS^rts of Drc^ 
form the two Horns of the Rain-bow, they muft niecejQa- 
rily appear at unequal Diftances : And becaiife the Center 
of the Bow, is that Point which is equally diftant frond 
each Horn, therefore we cannot but imagine it to be out 
o[ the Jxis of Fijum. ^* • *^' ' 

i^^loaH^ 35. In the fcvcral Sorts of Irregularities hitherto.imenti-- 
£tfa%'t oneij the Drops pf Rain are fuppofed to be always exa^y 
Mma^kow. round, as they generally are; but if they be fuppofed tiJ 
be made flat on any Side by the Wind, it is eafy to ima- 
gine that there mav be produced other Sorts of Irr^u- 
lari^ies than any that have been hitherto taken >(otioe 

36. If we add to this ; that the Rjain4)0W muft appear 

broken in fome Places, if it ceafes to rain there, or if thk 

timeia^ar Rays of the Sun are by any means hindred from going^ 

^roUn I thither ; and that on the contrary, fome of thofe Breaches 

i^hich appeEtr in fuch Places, may be filled up agaiii, 

* wh^ it begins ag?iin to rain there, or When the Ray$, which 

were hindred by the Intcrpofition of fome Cloud, get 



^6. How a 
mayJQWU 



(l) And to the Axil nfViJiWy &c.) 
Ittagiiis'firilthe AJ(is -of Vi^oii to 
U perpendicular to the ^lane of the 
Kain-bow| aodfuppofe two right 
ftngled TriUnglet, ohe on the rifeht 
Hand and the other on the Icfftj^ t|kc 
l^Mrftndicular to each of which is the 
A*k ofVijiony and the .5tf/i to esch'^ 
MfthcJ)uimtterofthefiow. Then 

ktiJie Pimof^thfAow be iiidM to 



the^xif ofVtJicnf as the Author beie 
iipagjiiba* : TMi^hciiig fuppofed; be- 
caufe thcfc Angles of theic Trisuiglp 
which are oext'the Eye, muft reman 
iilwaylthe tktt^ %' {^fkn- forty tjbm 
Dfgnet ' in the iame inner- BowJ 
therefore, when the Bow i^ thus io- 
fellnai, the l^afe of the t\A\ Hsai 
Triangle muft appeaf ma^k Jobgir, 
duw-tkat ol the ielt {iii|(4 Tri»|h* 

-'^' • • -^^ thither 
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thither again ; there will remain no one Circuiiiftar}c^ of 
diis Phsenomenon, though never lb iitconflderable, but 
2v«ry evident ReaTon may be giyei) fpr it (l). 

37. I &aU here put an End to (his thir4 Put ; thq' 17- n^m 
I cannot fey ttmt it it complcat : It talces in fo many f^ ^^ 
Things, that it is iippo^ble for any mortal Man to eXr iUiifkrdi» 
idain them all : And the greateft Part of thofe whjch re- "W r ^j*? 
main to be accounted for, depend upon fo many porticu- %'^-' 
lar Cirounflances, fome of which require a great deal 
of Study and Application, and othei; cansst be found out 
but by Chance ; that when I {hall have put my laft Hand 
^ this Work, and have explainod all tbofo other Things 
which fliall hereafter come to my Knowledg); ; there wHl 
fiill remain enough to exercife thofe who come after, 
for many Ages. But though what remains yet to be done, 
is almoft infinite, and therefore what I have fatd bears no 
Proportion to wiiat may be faid hereafter; yet I thinJi it 
ia fiifficient foi me, )f the Principles which I have ad- 
Vancedand elbblifhed, be flich, that without changing 
them, we may be able ftjU to go on in the Way of difco- 
vering Trath. Wherefore I fhall now proceed to iay 
fomeSiing of the Jmtnal Body, and try if thefo Prinqple 
will not help us to fome Knowledge of that. , 

(l}Coiicciun|whtt nmiinsfur- tnoDi Sir If'at Nmttn't Optkkt, 

ther to comploc thii Theoi)', -Bin. p. 1 56 uid 190. And B¥gBi'» Poft. 

meipbio Parbdia. inil ihofe dnkt humaai Woikia 
irl^ thegr ctU Oi/ii'*. See the fa> 
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PART IV. 



A 

TREATISE 

O F 

Natural Philofopl^. 

o F T H E 

Animated or Living Body. 

caciSKeS) loaea fta isaeai ea lea tea ea (83ii0si 

C H A P. I. 

Of the Ybi^s contained in tbit Founh Part. 

' gH O U G H this Term ^omated Bodj 

J S be extended as icall to Plants bs 

& Attitmh^ yet I fliall now reibain it to 
U the Latter. And becaufc there are 
9 an infinite Number of Species of 
I thefe, it Is an impoffibk Thing to 
• attempt to treat of every one of tbem 
. . ^ in particular^ I fliall therefore con- 
lent- my felf with difcoiiffing*pon the btmam Setfy on- 
ly. 
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If^.^irhkhyfe "zrcx more concerned to underftand than any 



V Though this does noit hinder, but that what 
fliaU £17, niay be apfdied to die Bodies of other Animals^ 
and imy help to explain fiicb Properties as the greateft 
Bart of Beajis have in comiinon with Man. 

a. The knowledge that can be gained upon this Sub*- ^. %^^ 
ys£)L, is of two Sorts ; fuch as may be acquiied by the ^f^^^ 
Help of our $enfgs ; and fuch as may be acquired by the 
Help of our Reafon : And we may adlrm» that the latter 
does in fome Meafure depend upon the former $ for it is 
certain, tiiat that which falli under the ^otite of our ' 
Bern/is^ is a Sort of Rule or Foundation for our Judgment 
in what does not fall under th^ Notice rf' our Senjes, Wherer 
fore that I may proceed in a right Method ; i fliall begin 
with thc^e Parts, which do fall und^r the Notice of our 
Senfes. 

3. Thefe Parts are alfo of two Sorts : For fome of^.o/tw 
them are extemaly and offer thei?ifelves immediately to^^'^f 
our View ; others are internal^ and cannot be feen with- A/Til^ 
out fome foiegoing Preparation .; fuch as thoie which ate <^ fffttict^/ 
difcovered by the Difle&ion of a dead Body. There is no **''?fl^'* 
need, of enumerating tlie former ; for every one knows 

that there is a Head^ Arms and Breafly &c. in a. Body, 
£very one knows alfo, that a humane Body confiik of a 
great many different Parts, ibme of which may be dividec) 
into other /ri/ Parts, or Parts of the fame Nature ; thefe 
Phyficians call fimilar Parts^ fuch as the Fl^. Others 
may be divided in unlike Parts, or Parts of a difirent Na-j > 

ture ; thefe they call difftmilar Parts. Thus the. Hand^ 
which may be divided into Flejh^ Bones^ Nerves^ Tendons^ 
&c« which are Things of a different Nature, is a difftmi-- 
lar Part. So likewife everv one knows, that there arc 
ioait, Parts of the Body which we make ufe of as Inflru" 
ments to perform certain Addons, which w« could not 
perform without them \ as, for Example, we ufe the 
Hand to write with ; thefe Parts are called Organical Parts* 
^ Xt is evident alfo, that there is no Part fo inconftderable, but 
that its upper y kwcTf middle^ and fide Parts may be affigned^ 

4. They who treat too largely and intently upon fuch 4. Thati 
Things as thefe, as if they were of great Moment and '^*^-^ 
Concern^ do more Mifchief than they were awate of ; \^icbii^9 
Jfor they thereby vitiate and corrupt the Judgmqit of a infroptr tt^, 
ffeat many who make a JScienceof fFirds rather than of{X«7/^ 
^n»ngs. By this Means they aiccuftom themfelves to talk 

on a great while together without any View, and yet they 

, bave^ faid nothing but what all the World knew before, 
" . . except. 
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except, perhaps, that the^ have uied a great deal of afiec-» 
ted Jargon, which may indeed gain them Tome Credit 
amot^ ignorant People, but which cannot but render 
iKtm Gontemptible to thde who have any good Judge-i 
ment in diftinguifliing betwixt the Sound of JV^rdsj and 
the Reafon of Things. 
*^*^ 5- Leaving therefore the ixUrtud Parts, I (hall treat 
Uutftau principally of the internal ones. But I vrould iiave the 
fp9m tbii Reader take Notice here ; that the Deicription which I 
^r90fi^ fhs^l give of ibme of them, is not fo much to inform thofe 
who have never feen them $ as to bring them again into 
the Minds of thofe who have before obferved them in a 
dead Body, or at Ipaff, have confidered them in the Bo* 
4m of lome Animak, whofe internal Parts axe like thofe 
of a Man ; for it is very abfiird to thi^k that any DiA- 
courfe, be it ever fo particular and tpl^air, ^ inform fb 
much, as can bs difcovered almoft in a Moment by 
looking upon the Siibjedl. 
c. n#il^ 6^ I migfct indeed have mentioned the Bones amongft 
J^.^^ the Numbrr of thofe Psgts which ought to be treated 
Uatjmid ^ diftindiy } |bf they are hid under the Skin, and cannot 
4l!Puf tb$ be difeemed jby the Eye : But becanfe I do not under'v 
^f^ take to write a compkat Treatife upon this Subjeft^ but 
only Qonftder it with fome particular Views, which will 
afterwards appear; and becaufe we can knqw by our 
Feeling only, how the Bones are made, and where they 
^m placed ; "after we hpve pnce obferved them in a Ske* 
leton, wbeve we ought to take Notice in the firft Place 
k^ their partkular Figufc, and of the Manner in which 
f hey are connefled topUier ; thdefore I ihaU forbear 
fpeaking of them in t|ii« Treatife, 

C ri A p. II. 

^ general J)efcnption of the larger Parts confainei 

in If' hum(^ne Body, 

I* ^J^h ^H£ Bon^ of the Head^ which is calkd the Scully 
Mrdin, ' 4- is full of a foft. white Subfiance which they qall tbq 

Brain^ and which extends it felf, as it were in a pfaan* 
_ l^el, all along the Back-Brnty which the Phyficians call 

tjie Fprubr^ to which the Ribi aie £iced» 
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2. The Scull does not touch the Brain immediately, «• V '*• 
fcut the Brain is covered with a very ftr6ng Membrane, STjwSiT^ 
whkh is called the Dura Matery under vyrhich there U 

yet another thinner Membrane* which thejr fall the Pig , 
Mater. • .*>''. 

3. The Trunk of the Body, or thatp^ which isbd^ i^^ 
twixt the Neck and the upper Parts of the Thighs, con-zj^^^^^^ 
tains within its CSavity a great many very different Sorts ^^Jtkt 

of Parts. The upper P^rt of this Gavfty, which b catf- %'^» 
ed the upper Belly ^ or tH^ Breajt^ contains the Lungs^ . ,v 
which arc divided into a great iHany Lobes, and appeaf 
to furround a Membrane, called the Pericardium^ heiiig 
in the Shape of a Purfe, containmg the Hearty toother 
with a Liquor in which it fwims, very much like \iikit\ 
The Heart is fattened to the Vertebra by Ligaments 
which reach ifh>m tne Bafe of it thither, in fuch si maA* .. 
her that the Point of it inclines a littfe to the left Side., 

4* Beneath the Lung$ and Heart, in the Place yrhere4. p/ thf 
the upper Belly ends, is the Diaphragm^ whfch Is a very ^'ff}'^ff'f 
thick Membran^, dividing the upper Belly from the lower 
one, jind is fo lituated, that wn6n a Man ftands upright, 
it is like a Level, which neither inclines to one Side nor 
the other, 

5. Below thef Diaphragm, oh the right Side, is the 5\ Vj}' 
Lher, in the lower Part of which is the Gall-Bag j and ^Tii" 
on the left Side is the Spleen^ ■ S^tem, 

6. However, ' about twenty Years ago, I faw a dead ^* '*J/** 
Body, in which thefe Parts had a quite contrary'Situa- situ^tionof 
tion ; the Liver was on the left Side, and the Spleen on tb$ Livtr 
t^ right; which is fo rare a Thing, that it has nev|r **'^^**'^* 
b^n dbferved^ before. 

7. Betwixt the Liver and the Spleen is placed the Fen^ 7* V '*» 
fricle^ which receives all that we eat and drink, carried ^'""'''^'* 
thither through a Channel, called the O^ifophagus or 
tThroijty wl^ich li^ along the Vertebrae/ 

8. The Ventricle has two Holes in it, one to receive ^^^l^^ju 
the Visuals in at, and the other to let them go out : And yj!rici$* 
at fhSs rartj which* is called the PyJbrus begins the Intef- 

tines of (?«/f, which ^fter fcveral Windings and Turn- 
ings, end at that IbVer jHblej put ^f which the grois Ex- 
crements of the Body conie. 

9. Properly ' (peaking there is but one Intejline ; but 9S9* V*¥ 
e long Street' ha*' fometimes feveral Names given to dif- ^"T'**** 
ferentPartsof ijf : fo this long Inteftihe, is in imagination 
flivided into feveral Parts, which Phyficiaas I»ve givch 

different 



«$ MO H4Ul^r*t System JkrtW, 

^Hf^rent Naom t9 ; The firft Part which joins* ininie* 

4iately to the ventricle 13 caOed xb^ Duodenum \ the li»T 

cond is called thq Jejunum ; the thirds the Il^m % tbe 

^rth, the Colmi and^ which might becaUe4 the fifth 

and laft, tihe Rectum : But betwixt the Ileon and tbe 

C<>|on^ is a Gut» (be Bottom of whi^b i^ flopped up, 

like a Street which has no t^aitage through it^ 2^d |his js 

called the Caecum ; fo that there ai^ lockoned fix InteC^ 

(ines I The $rft Usee are called the/malf arJlenJer Guts^ 

^d the three other are much /^Vi#r. 

\Sk£i! »^' AU the Jnteftines look at firft Sig^t as if th^ 

^^^* floated about, in the Qo(ly» without being faftened | biit 

py tallying hold of them» we find that they are fafteiwd tot 

^ certain Membrane which k called th$ Meffnipj^ and 

vrhich is fixed to the Vertebrae. 

fi.o/#At* xu Befidies thefe, the lower Belly contains the twe 

mHu^ itw»f or KiJneysy which aw fixed to the Vertel^^j an4 

tbci Bladder which is the Place that contains the Vrine. 

a!p^ if J^' I^ ^ proper t^ confidcr all thcfe Things thus g^fih- 

ik9B^jt2Siy^ notonjy before we. come to a particular Exattiiiu^ 

mr€ firft f tion of them» but belbre we come to the Confideratioa 

If fQnf^rt4. of fome other Things, which are not fo ta&ly difcoveicd ; 

becauie that by having gain^ a general Knowledge of 

. tbp Order anq Pifpofuion of all thefe Parts^ we may 

form to our ielves at firft a genei^ Idea of the ^hofe 

Machine of a human Body, which i^ the Objeft of our 

Inquiry. I cf>ms now to thofe Things ii^hich require iHQre 

AppUcatiQi\» and a more cxa^ D^fcription. 

CHAP. III. 

Cf tbe BratHt Nerwi, and MufeUs^ 



< / 



j.pftbB 'T'HE Brain is divided into two Parts j the Fmre-parfs 

Mrain and M- and the Hinder-part. The Fore-ppart which is nuich 

riNf Cflw/iij ij^jrgQr than the oth^r, retains tlie Nameof JSri?/^, and th^ 

^ ' ' Hinder-part is called the Cerebellum. In the Subftance of 

the Porerpart there are two Cavities fo fitnaMt that they 

have a Communication with a thirds which is in thf? 

Hinder-part ; and above the ChannjJ, hy. wWch this Cqpw 

munication is'-madci tberp is a (xfzM Q^n4 called |hc 

^ Conariumi 



^. 



C^tmriumi which i§ &ftened by Its Bs^eto the Sobftanct 
of the Brain, of ivhlch it felf is a Part, and its Vertex 
fesm^ t6 be fufpchded in the Middle of all the Cavities. 
*rhis fmalt GlaifA Is very remarkabte, on. the account of' 
its great ufe to mahy Piirpofes, and paificularly for tbi%, 
that though all other Parts of the fimln are doubli^ thiS* 
alone is Jingle, 

i . When in diflb^ing a dead Body 'We eftd^Voui* toV^J^I^ 
take the Brain out of the Sci^lt in.wfiich it is contained, yav^i. 
v^ find it hindred, firft, by the t^ura Mdler^ ivhich 
ftlcks to the Scull in feveral Plae^ ; fecondly, bediufe 
there goes from the J^mfevm Palf pf Nitves to diffe* 
rent Parts. The twd Opfick Uerdef^ which we /poke of 
towards the Conclufioii of the fifff Part of this Trc^tife^ 
make what, the Phvficians Call, the /ry? Fair : Thofe 
which end at the Mufeles of the Eyes, aft the fetmA' 
Pair : Three f*air go towards the ToigUe, the thltd^ 
fourth J andfedeHtb : That which, goes to the Ears is the 
" W ; And the ffxth is that which defcerids through) the 

eck, ind i$ (ubdiVided into a great many fihdlt Nerves, 
which end at dii&rent Places, fome at the Lungs, others 
at the Heart, Ventricle, Liver, Spleen, Inteftines, and 
oiJW Parte of th<i upper and lowferBelfy,.. ^^ .% 

3. We fee alfo a great many large Nerves^ which come ]^ ^^^^^ 
out of that Part of the Bnvny whiph is contained in the tbTBo^* 
Vertebrae, and extend thcmfclves to afl the Members of 
the Body. 

4. All thefc Nerves as wdl as the fdregoing ones, are 4- Of tbi 
every one of them wjrapped up in two very ftrong Mem-- jjf'j^^**" 
bran^ which feem to me to be only the Dura Mater^ NtHftt^ 
and Fia Mater continued. 

' 5, The internal Subftance*of the Nervea,. whi<A way Ji^^Clf^/ 
be caHed the MarrcM of them, confifts cf aft infinite tbe aw!/," 
Number of very fine Capillaments, Which at length fepa- and of ti^f 
rate from each other, and difperfe themfelves toallParts,^*^-'^^'* 
of the Body, till they become invifible, and are entirely 
cnit of the reach of our Senfes. But a great many of the 
Nerves divide and difpetfe themfelves in futh a manner,^ 
that, after the Capillaments of which they conflft, are as 
it were, mixed and blended, with fome Parts of the 
Flefb, which Mixture compofes what -they call a Muf- 
d^, they then unite together again and make a Tendm^ 
which generally is fattened to fome Bone, ^ ^^ ^^^ • 

• 6. Mr. StenOy a foreign Anatomift, has lately obferved,'ci^,7AMw«ft * 
that the jDifpofition of the Capillaments of a Nerve which of ^^ 
meet together in ordeir to form a Mufcle, is v^ty nearly ^J'J^l'^ ^^\ 

like AJu'Jt. 



Tab, XVI. l^ke what you fee neprcfented in the Figure ; where* AB 

^*- »• is the Nerve, BECF the Body of the Mufcle, and CD 

the Tendon. This being the* DifiWition of the Capilla- 

ments of the l^erve, to which the Fibres of the Fleflh 

correfpond, it is very evident, that if the Interftices' 

GHILM be filled afl at once with fon^ very fine Mattef^ 

Kke Air ; fuch as ' (hall afterwards be more particularly 

defcribed, and which Phyficians 9JI Jmmal Spirits^ the' 

Capillamerits, liich as that reprefented by EC, muft be 

very much inclined to fuch Cipillaments as that marked 

BE i and there will be a fnlall Interval between B and 

C. But if the iame Interftices GHIJ^M be empty, 

then the Capilkmcnts, fuch as EC will grow ftrcigbt 

a^ini and get clofe to each other, and fo by falling di- 

^reftlv in with thqfc that are like BE, they l^iU make 

the Interval betiwixt ^ arid C larger; r 

^'O/the 7, It may be oWerved here, that th6 f^ce of thef 

T^afoft Nerve marked B where the Mufcle l^ins> is called its 

iaujei*. Qrigirt^ and, the Placed marked D, where the Tendon 

IS fixed to a Bone, or any other Part of th^ Body, is cal- 

' ^ l6d its Inferiioft* 

CHAP. IV; 

0/ the HEARt. . 

* . * * ■ ■ • / 

1. 6f tU 'TpH E external Shape of the Heart U what no fiody was 
Fibns of X gyer ignorant of ; fb likewife has it been alv^ys 
tbi BMTt. kn^^ that the Flelh of it j is the firmeft, the moik fo- 
lid, and the hardeft to be pulled in Pieces, of any of the 
whole Body. But it is very lately^ that a curious Ana- 
tomift, ( who thought of boyling a JHeart, in orclier to the 
better and more edily finding out the Difpofition of its 
Parts I obfcrved that the Fibres of its Flefli are difpcJfed 
two difiercnt Ways, fothat thofe which are on the out- 
fide go in the Form of a Screw from the Bafe to the 
Point ; but thofe on the in-fide go more direftly from the 
Bafe to the Point.' 
%. nnb0i 2. Now this different Difpofition of the Fibres of the 
SfrtrfMi' Heart, mav reafonably make us think, that the Heart i^ 
2,' ', J, a double Mtffcle^ fo compofed, that if the Interftices which 
u^MSk •/* are Isetwixt the Fibres which go in the form of a Screw^ 
^ are filled all at onee \yith a very li<juid Matter^ it? muft 

grow 
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grow longer and narrQwer ; but if thefe l0terftic«9 be 
empty, and thofe which are between th« Fibrea on thti 
In-fidey be.filled; itmuft grow wider and ihoi'ter. 

3. There are two Cavities y or hallow Pkces in tbe Heart '• ?/. '^ 
which are fepaiated from each other by a Piece of FkOi tltoHuS 
called the Septum Medium j or middle Partitipti< One of 

thefe Cavities is on the right Side^ and the other on the lefi. 
iphey are each of them longer than they ar^* broad | but- 
t)ie left Cavity is manifeftly longer than the ri^t onei 

4. Each of thefe Cavities have two Holes at the Bafe 4. Of the 
ot the Heart 1 at the Entrance into ^hich Holes, theie ^P^^*' ^ 
are particular Membranes fo rfaccd^ that they will open '^l^^^ 
and fhut like Doors, though but one Way only. One^tf/««f. 

of the Holes of the .ri^ht Cavity, has three of thefe 
Membranes or Valves, io placed, diat tliey w^il eafily 
open to any Thing that would enter in ; but ihut them** 
felves when any thing ol&n to come out : The other 
Hole has three Valves alfo, but placed the contrary Way 
to the former, ib as to permit any thing that is within 
tlie Cavity to come out eafily ; but reiift any /t'hing 
that would get in. One of the two Holes of the left Ca« 
vity, is not round like the refl:^ but oval, and has two 
Valves fi> placed aa to open, when any Thing offers to 
enter into the Cavity, and to {hut when it would go out \ 
The other Hole has three Valves placed contrary to thefe 
laft two, and will open to let any Thing, which is in 
the Cavity, go out, and fhut to hinder any Thing from 
'entering in* 

C H A P. V. 

Of the Veins and ArtefieS4 

TH E R E is fcarce any ?art of the Body but the fiW i. p/thi 
will come out at it if it be pricked 5 but there are ^^f^ 
jbme Veflels from which the Blood will flow in a large 
Quantity, if they be opened : Thefe are like fo many 
Channeb to carry the Blood backward and forward ; 
ibme of them comift of a very thin Skin which can eafily 
be contrafted, and we meet with a great Number of 
them under the Skin that covers the. whole Body i thefe 
aire called Veim : The other, which are compofed of a 

Very 
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Vtey thick ^dn, and don't lie fo near the Siq)crficies of 
the Body, are called Arteries. 
ft. ^^thi 2. The principal Veins and Arteries of the whde Bo- 
y^h^Hui ^y ^^ ^^> which are inferted into the Bafc of the 
jtrNrrn tiU Heart, and io end at the four Hdifes which we juft now 
^tbtBafi jneAtionedi . 

toflT 3- The Veflcl which ends at that Hole of the right Ck- 

VtuaCava. vitv of the Heart where the three Valves are fo placed as 

to let any thing enter in, is the Vdn called the Vena Ca-* 

va. It is hardly got from the Heart before it runs in a- 

Ifiongft the Vertebra-, and is divided into two Branches^ 

which lie almoft dircftly againft each other. One of thcfe 

goes upwards, and is again divided into an infinite Number 

of Branches v^hich reach ta the Arms and other faperiouf 

Parts of the Body, and is therefore called the Fena Cava 

ajcendens. The other goes downwards,^ and is aifo flibdi'' 

vided into a very great Number of Branches which cxteni 

themfelves to the Thighs and other fewer Parts of the 

Body, and is therefore called* the Fena Cava defcenJens, 

Thus all the Veins of the Bbdy, except tho(e of th« 

Lungs and Heart, depend upon the Fena Cava^ or ar^ 

like Branches of which the Fena Cava^ is the Trunk. 

Tl^f fht 4- Some have excepted the Veins of the Mefentery 

ygitu of tbt alfe ; But becaufe thefe urnte in one Veifel, which is cal^ 

Mtfnavy fed the Fena Porta, which is inferted into the lower Part 

pftb* Vtum ^^ ^^ Liver y out of the upper Part of which comes the 

Ctfv4« Ramus Hepaticusj which is united ta the Fend Cava 

below the Place where it enters into the Heart v therefore 

the Veins of the Mefentery may be looked upon as 

Branches of the Fena Cava. 

5. Of tic 5* The VeflH that ends at the Hole of the right Ca- 
ytnajirti' yity of the Heart, where the Valves are fo placed as to 
'''^ open to any thing that would go out, is an Artery, 

which enters into and ^reads it felf all over the Lungs, 
and is there fubdivided into an infinite Number of 
Branches of different BignefTes. The Antients gave the 
Name of Fena Arteriofa to this VefTel, becaufe they were 
prepoflcffed with this Notion, that they were only Veins 
that ended at the right Cavity of the Heart, and that all 
the Arteries ended at the left Cavity. 

6. Of tht 6* The Veffel which is at the left Cavity of the Hearty 
Arttria the two Valves of which will permit any thing to entcf 
ytn.fo. into that Cavity, is the Vein, which the Antients by the 

feme Miflake as before, ca^led the Arteria Vemfa^ the 

Branches of which arc alfo difperfcd amongft tlie Lungs; 

7- Tbi 
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7, The fourth Veffel, 'which is at the other Hole of 7- V ^ 
the left Cavity t>f the flteart, whwp the Valves are fo"^*'''*' ' 
pl»s^ as to let any Thing go out, is an Artery called the 
jtorta pr Art^ifirmcina. It enters in anijongfl: the Ver- 
tebrsB juft by the Heart dong the Side of the VeHa-Cava ; 

and its Trunk, like that of the Vena-Cava^ is di\qded 
into two Bnmches, which are fubdivided and «ua m little 
Branches to all Parts of the Body in the lame manner as 
the Vena-Cava dote. 

8. Some Phyfkians have pretended to deterniine the %,o^tht 
Number of Veins and Arterieis; but they coidd dO'it{f«.«^ # 
only in thofe vifhich are t»he mott fcnfible ; befides which "**• 
there are an infinite Number dmoft^ which tlhey call 
Capillary^ And it ieems very probable, that it is iroixi 

•Ibme of thefe Veins that the Blood comes .when any Part 
is -pricked : From whence it follows, that the Blood is 
alway^ contained iri feme Vein or m fome Artery* 

9. The Antients taught, that there were a great many 9. ofihi 
Places of the Body where the Veins and Arteries had a Ansfiamfeu 
Communication with each other : Thefe Conununicati- 
ons are what all Phyficians call the Anefiomofes^ fome 4>f 
which are to be ksti Sometimes upon the Superficies of 
-the Lungs : But, as to the reft^ whdch are a vaU Num- 
-ber, ^ 'AiaU afterwards be^hown, we^may venture toifay 
that the Antients only guefled at them ; the Foundation 
which Aey went upon being yeiy weak, not to ^(ay ab- 
ibltttdy «He ; viz. There are, fay they, Anajimufes^ 
that the .&lood may pafs out <^tbe A-rteriesinto-f^e Veins 
to ;gtve Life to them, and at the feme time^ that Blood 
may p^s out of the Veins into the Arteries to afibrd 
them wourilhment. 

-10. JVn Englffb^-^vcxm^ whofe Name is Hdrvty^ has to. Offh% 
lately difcovered, that in a great many Places of tt^e ^'^' ^ 
Veins, 1)ut efpecially where any Vein divides into two ""* * 
jfiranches, ^lere are little Valves to be found, which ane 
to difpof<kl, as eafily to open and afford a Pei&ge to a 
^ro^ thruft into the Vein, and pu&ed from the^xtfeme 
l*arts of the Body towards the Heart; but they wiU re-» 
fift the fime Probe, if we try to 'thruft it the contrary 
'way ; «//as. from the Heart to the extreme Parts, of the 
Body. 
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C H A P. VI. 

Of the LaSteal and Ljftnfbatick t^ettts. 

j.i&m 'Y^HESE two Sorts of Veins were then found out^ 
Pncauticm -L when live Aninuls wer^ begun to be diiTei^ed. And 
miffeary^ tn ^^^^ j^ f^^^ Pfccaution neccffary in order to difcover 
Mr Uai^ them/ For the Animal muft be made to eat two or 
l^VfJM. three Hour& befoie the DifleAion is performed, other- 
wife the laSfeal Veim will be enopty and not to be (een« 
s. Ofthi *• Thefe Veins were firft discovered by ^^iiw, and 
jmkt cm- he called them la^ealy becaufe they are white and con- 
'«'»«^»*'*»tain a white Juice in them : They fpread themielves all 
'^'^f over the Mefcntery, and mix themfelves with thole Veins 
which they juft now iaid were Branches of the Vma- 
' Porta : And if they be pricked, we fee a Juice as white 
as Milk come out of them, which they receive from the 
Inteftines, where we find the Extremities of their very 
imall Branches b^in« 
3* 0/tbe 3. yJ^e alfofind fome Valves in them, as^inthe other 
^ifV'a^i -^^^^ ^^ ^^ Body, which are fo ordered as to permit 
^tff'M. '' ^^ white Liquor to run from the Inteftines, but not back 

again to them. 

4. o/tbt . . 4. A Phyfician of my Acquaintance ( Mr. Pecquet) 

^fTbeCMe^^ added to this Difcovery another kind of Receptacle 

^m/be *^ which is fixed to the Vertebrae^ a little above the KidnCTs, 

cbanmtef which he has often ihown me fiiU of a Juice like tnat 

tb. »^^'^-^- the laaeal Veins are filled with. He alfo was the firft 

that obferved a Du£f which goes along the Vertebrae from 

this Receptacle to the Place where the Subclaviary Veins 

join, with tlic ^^«tf-C^w^, 

Qfflg 5. As to the fymphatick Veinsj we cannot certainly 

ifmpbati€k .tell who firft difcovered them. They are to be found, 

ytim^ '*»^:with a^reatdeal of Trouble, in the.Flefliof alive Ani- 

gj^llg^in mal And though the Liquor contained in the«^ loob 

tbem. . very much like Urine, yet it is certain that it has none 

• of the Properties of it. For if it be put upon the Fire 

: in a Spoon, it will grow thick and hard like the white of ! 

an Egg, which Urine will not do. 

6. Of ebt 6. We do not know all the Turnings and. Windings 1 

ya/vgs ef (he lymphatick Veins^ nor how they are difperfed : But n 

Jitl^^wt'" «>bferve Valves in them ordered like thofe in other V«n$.l 
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CHAP. VIL 



Of the Tongue andfalival Du£lSi 



I 



AL L, both Antient and Modern, who have treated of «• <y 'i*i 
, the Anatomy of human Bodies, inrve obnfidir'a Ae ^^f''^ 
Tongue as a Mufcle.: But it is but, lately that the 5tmc-. ;• 
ture of it was known, They who in our. Days have had ' ,. * \ . . 
both Curipfity and Induilry enough >tO/ make Enqaiiy 
into thia Matter^ have difcovered in a.iboyled Ton^j 
that thof^ of the Fibres compofing it, whidi arci near tfatit 
Superficies, reach all the Way from the Kioot to the IHip; 
and that thofe which are within^ are placed in -(eirdm 
Ranks alternately, in which ibiheof'tbemgo fcofp'iTop 
to Bottom^ and others go acrofs. . Whence it fialiows^ 
that by fome or other of thefe Fibres CQntra<Eling them<< 
felves, the Tongue is moved all manner of Ways as) 1^ 

It is. • \ . ' • . 

2. The. Spittle does not fall iftto the M6udi, I^ an s* p/tBi 
kifenfibie Trarifpiration thrbugh thePores of ithe Qums,^^'^*/ 
as all the Antient^ thought : There iiaa lately been difco*- * 
vered falival Du^s^ which refemble fmall Veinsv ^^ 
which end in the Infide of the Chcdcau Thefe Duifs ' ]' 

^ are lai^ge enough to put in a Hog's firifUe without any ' 
Violence; but becaiife^they art' fubdivided into. kfler ones . 
which become infenfible, we knoW not where the O^ 
j'igin of them is,. « .. ' 

3. The Fluidity of the Splttlci, will alone make it fuii 3. rtr Aed* 
into the Mouth ; but fometimcs h falls in a greater A* ^Zin^jl^ 
bundance than at other Times : As, for Infiance,. wbeiiy«r«f^ 
we chew any dry Viftuals, or any Victuals that are fome- Mmtk. 
what hard : For then, every time we open our Mouth, 

and our Jaws 'rsmove further from- 'each otfaef, the 
Cheeks are flretchedand comprefled, fo that they fqueezo 
the falival Du£f5y and force the Spittle out of them ; 
And when the Mouth is (hut, ahd the Cheeks reduced to 
their former Sute again, then they are filled as before. 

4. N<;)w becaufe the Cheeks afe Ve^y much comprcfTed J- ^s!^ 
when we yawn, therefore a larger Quantity of Spittle ^[J^ 

, than ordinary mull then &U into our Moutllsj ix^Afomnofmf 
i 'we find by Experience, and that fo manifdlly, that if ^^Ji*'^ 
I the falival Du^s be very full, it fom^times flie^ oat<tf onc^n. 
Mouths to a confiderable Difbnce- 
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C li A I^. VllL 
Of the /LUNGS. ' 

i. ifftbi AFTER what lias been before faid coiiceming thU 

^r«rza-4i/- XA Xungs, there is nothing further neccflary to be 

J^^^'/-^ known : but only to obferve lere, H»t, from that JPart 

of the Mouth, where the koots of the Tongue are, there 

dcfixnds a certain Channel which is called Arteria-af* 

pera^ which is divided into to many Branches, that therd 

J3 Icafce any Part of the Lunss, be it ever fo fnudl^ 

but both they and thofe of the Arteriii-vemfai atnd Vena-^ 

artmoftt^ 4exteiid themfelves to it. So that it is not: 

^mhout Reafon, that fome have affirmed, that the Lung? 

are nothing elfe but a Texture made up ^ the Punches 

of, tfaefe thiee Sorts of Vtfiels. | 

iJ^^Ji^ 2. The Artma-aJ^era rec«ives thi Air which we draw 

/o ^ftiT* ^ ^ ^^ Jfttifeath ; and becaufe it cjiraififls of a very hard 

suid ffifF Membianv, it is always fuQ iA Air \ and this 

is the Reafon why the Lungs are fo veii^ light or weigh 

lb little^ ^ 

4. lb9» ih% J. The Vi£hials and Drfaik cannot get into die Throat 

ZMainik- witliout paff ng over the Mouth of ^ Arterta-ajpera^ 

t^^/rm f^ nc^withftanding nothing can ordinarily get into this 

/«//i>f into Utter, becauie there is a kind erf* Valve, which they call 

tttZtn^u ^e Uvuhy which covers it every time we try to fwak 

low any Thing. And if it does at any time happen 

that a imall Piece of Vi&uak or a Drop of Drink do faH 

io, we are forced to cough it up again prefently. 

/ * 

C H A P. IX. 

V 

pftbeLIVSRi 

. . . ■ ^ 

. Of th W^ ^ "^ ^^^ a«y fenfible Veflels in Cutting the Li- 
iver. " ver ; which is the Reafon why we a£Eirm the Li-* 






•ver 40- be a Me^>of innumerable Veins not to bfe per- 
ceived^ which the Ftna-forta divides it felf into, and 

wJwij 

• • • * ^ ■ 



rhich ieem tp be diiperfed in thb manner, in order to 
leet again and communicate with the Hepatick Branch. 
7.. Tlie Liver, ii \ht. %xmx& Pait of Animals, as J;,^!fj^ 
well as in Man, js of a reddiih Colour. But there 2X^Uw. 
ibme Sort of. CxiNl(^re$ whde laver is Green, others 
Yellow^ and others of fonie other Colour. 

3, We obferv^ a little bcforp, that the Bag tf f^l^fT'*^ 
is placed in the lower Concave Part of the Liver 5 Theic 2fcl/5^ 
is a fmall Tube which comes out of this Bag, and di* ^fcb^rgu i^ 
yldes it felf into ^o Branches, one of frhich bends back/''^* 
and returns intothf Liver again; but the other, which 
is called Hk Meatus ot Canalis Cbolt4o^bus^ inferts ft.i^f 
into the Beginning of the Inteftinc called Jmnumy' 
\vfaere it makes the Ciall diftill through a Hole fo (mSi^ 
that it is haf(Ily to be perqeived. 
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WE know hotBihg; partfcujkr of tM Sple^ftj but only,. Qf^i^ 
that it is full of very grois 31ood, and that it has a Bhod cm- 
Communication vmb the Vt^ntride by Meaiis of a fmall ^Xf/" '** 
Du£t which Phyficians call the Fas-hrev^ j and with the '* 
Hearty and fome other neighbouring, r^rts by Meaais of 
fome Arteries arid Veins, 

2^ I faw a Dbg once whofe Spleen had been taken out 4. ^batets 
fix Months; the Wound neceflary for this Operation, SpUenimci 
having been few*d up, healed by Degrees, and the Dog. ^V^^'^O' 
recovered his Strength again in Proportion ; fo that lit ^'^j**'^ *• 
laft there appeared no external Sign of an Inc^vcni^e^ 
that the Dog fiifFered for want of it. 
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< • . 0f\tbtJ3dneysmd^kMer. 

^SMan^lor^"^-^ Slibftahpc of tK? Jf/V«^j teem? to be of th<^. 
tbtKUttyry'^ *"*;'^Nature of i vlery' fine Sponge, aiid we fee in each 
M^fthtir Kidney; a certain Cavitly which they call a Baforiy and'. 
V^ohht" ^y^^^ '^ alwsy^ alftioft full of Urinet 
Jy*i Mar / ?•' "It is al(d to be obfervcd here, *that each Kidney is 
tU Kidney i, placcd at the Extremity oV the emuigent and Artery Vein. 
Vrairu' * 3* ''^ ^"^^ Kidneys have a Coihmunicatipn with the, 
f/ratn. ^i?«/<A/^' by tWo Very flender Dufts, called t{ip Ureters^ 
which arc generally full of Urine, and where we* fome- 
times find fmall Stones like thofe generated in the 
Kjdneys: They arc infertcd into the^Bladder jfptnewheiiB 
^b6\xt the Neck of it, but the Paflages whereby the Urine 
gets into it are fo fnuU th^t th^y canmt be perceived. 

c H A P. xn. 

Of -the MotUn of the BM,^ 

^J^l/tbi'V^'^, -*^^^'f« tf tbe BM is one of thofe Things 

jtntuMs ^ which I faid llefore could not be known by the Help 

7b'' mL ^ R^^'*^"- And it is a famous Queftion amon^ Phy-. 

^tbiJ^iood. feians, and what they arc very rpuch divided about; vi%. 

' - Where the Blood is made^ and^ ht^v it is moved: The An- 

^ ticnts, whofe Opinions the greateft Part of our o^ 

Dolors follow ftill, thought that all the Blood came frop 

i^t Liver • and becaiife only a fniiall Part of it goes into 

the Vcna-forta^ and from thence into all the Branches of 

it J therefore the greateft Part of it, pafffs into the Vem- 

eava^ and fo into ali the Branches belonging to it 5 but 

, in fuch a Manner, that at thp coming out from the 

Uvery a confiderable Quantity of it, turns about and 

enters intp the right Cavity of the Hearty where it if 

divided mto two Parts, one of which rims through the 

Vimrartiyfa into tl c Lungs^ and the other through the 

mdttfm-Jeptum into the left Cavity \ where, they £y, 

^ ■ * ' it 



C3tfip«i2^ ^ NATURAL Philosophy. t6^ . 

itis.coiijven^dmtp.arUri^.BMoT vital Spirits^ t^hich 
is carried into the; Lungs by tthe Jfteria-venofa^ and all 
over the Bojjy by the Arieri^Hmagna and its Branches. . , 

2. According to this Opinion, the Bipod always moves •• Thatth 
fnun the Mid^ of tte Body tQ the pxtieme Parts, with- ^j^ ''^^ 
out ever returning bacjc a^n ; And fmce it is aiferted, tL c^n^t ' 
that it advances forward only in Proportion as the Parts V*^'-^*- 
gct out of the Veins and Arteries to nourifli the Animal ; ^I'Jl' ^f"^ 

it follows, that the Motion of th? Blood muft be very ^J*^^' 

flow. 

3. This Opinion was received from the Antipnts, jr^.^^' > 
without any Proof, at a Time when no Body fufpefted ^Tofirnn^ 
that the firft Philofophers were capable of any Miftake ; 

But fince we do not fubmit fo blindly to Authmly in fiich 
Matters as thefe, we find that this Opinion is only mere 
Imagination without any Ground, and that it ought to 
be utterly reje£bd : For befides.its making the Blood pais 
through the Septum of the Heart, where there does no^ 
appear to be any fenfible Pores, and where we find by 
Experience, that neither Air nor Water will pafs through^ 
it does not at all agree with the Pofition of the, Valves 
which are at the Entrance of the Arieria-venafa^ und a 
great many other Places of the Veins. Not to fpend any 
further Time therefore, nor toamufe our felves in confu- 
ting this Opinion, I fhall content my felf with endea- - 
vouring to ^ftablifh another Conjedhire, the Reafons for* 
\|rhich appear to me fo plaufible, that I hope there will 
fa^ no Difficulty In admitting it, when we have once been • 
at the Trouble to examine it. ^ 

4. If we lemeniber the Difpofitionc^ the Valves which 4 That th» 
ire ait the two Holes of the Heart, where the Vem-eava fJ^/^^'J'"' , 
gnd Arteria-venofa end 5 we (hall fee, that thefe two Htkrtfrfm\ 
Veffels being always /full of Blood,, there rouft neceffarily '^''Vcna- 
flow out of each of thefe. one great Drop of Blood, i"to ^*^*^^"'g_ 
each Cavity of the Heart when it \» empty. ,iiofju 

5/ Thefe two Drop^ being dilated by the Heat which ^^^ ^^^ 
v^ in the Heart, which is greater than in any other Part -Blood pajja 
of the Body, as we find by Experience, endeavour to go.«' •/ /^ 
put at the Holes whicl^ are in thefe two Cavities ; but be- ^^^^'H'^^f 
caufe they cannot get out at thofe through which they into the Vf^- 
entered in, they themfelves flopping up the Pal£^e.n»-»j«»"o6, 
jhat Way by prefling againft the Valves at the Entrance ; """^ ^^'"* 
therefore thty muft go out at two other Holes where 
fhey ca|i open the Valves : And thu^, almoft all the Blood 
^bich is in the right Cavity, paiTes inW ^ ^^u^S^ ^^^* 

R 4 . , the 
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Civity paflfcs imo the AffM. 

6. n4f 6. The Blbod tt^hid^ i$ &tds g6t out df llitf HiBaft «aif^ 

^M^SJtTin ^^ ^'^^^^ ^'^ ^*^» bec^Afe the Vahre^ sat fo ^^ that 
^f c/ffr* it ftops up the Paffegfc it? fdft Wfc«>fei^ dial' VWc» ^ 
Veaa-can mains'in the Cavities df tk6 Hearf, bei^Agnc^tsMg^abkf 
VtJtinlo *^ prefeagautft th^ ValV6s whkfc aife^iC tha^H^*^ t^he*e 
/Af Ca-uitiei the Veno^cn^ ^ Jf*teria-^i)^eTi9fa «wi, thete« riiiift agau)f 
0/thiHf^rt. faH irt tw<^ other grea« Di^S of Bloi»i^ whkh *fatittg 
themfelves as the former, go the fame Way as they dirf. ' 

7. fhaf the' 7. l^Iow in order to fee howr it is p6<6bfe fe^ diifr to. 
flu/tbe' contirtue during the whole IM of tht Ai^iAiaJi i^€ mtfflr 
!5r/^i '#/«r(»c6nfider, that every Tiffte the Vena'drierhfa ttt^test&ic 
tbt yein%. Blood that is newly dilated ift the right Cavity df the 

Ifearf ; this Bk^ impells that whi^h the VeU vihasiSki 
^^'Ith before, fo as to make it difcharge fome Part of it 
felf into the Arterfa-^enofii^ which it paflfes int^ not only 
through thofe vifible AnaftomofesV which we fii^ilttcH^ 
juft now ; but alfo through an infinite Number of inkni 
fible Paffages', Which are at thq Extremitifss of th? 
Branches of the Vena^artefUfa, and which erid at the 
Branches of th6 ArUria-vertbfa. So lifecwife ^t muft 
cOnfkfer, that every Time the A&rt^ ttcAvtd the Bloed 
that is newly dilated in the, left Ventricle of th& Hteart^ 
this Blood prefies upon that which it wai$ filled wkh be^ 
fore, and makes it difcharge p^xt of it felf &ita the 
Branches of the Vena-cava^ which it gets into th/ough 
ioTti^ Anaftomofes that atfe vifit^, and through an infinite 
Number that are invifible. - 

f Of fke ^' ^^^^ ^^^S ^ > ^^ Blood v^^hkh is in the Veins 

c'ircuia'i'm- rttoves ftofn the extreme Parts of the Body towards thd 

yi^#i/flt<f. Heart, which it enters into through the Vena-cava which 

discharges it felf in^o the right -Cavity of the Heart ;' 

from heftce it goes into the Vena-artiritfa^ then into the 

Arterid'Vcnofa^ and froni tbenCe into tte lefk Cavity of 

, ih^ H^art, from whence it is carried to the cxtreinc Part^ 

of the' Body, through the Trunk and Branches of the 

Arta^ the Ends of which are^nited with tbofe Of the 

Vena-tava^ fo that thefe latter fend th$ Blood back again 

to the Trunk belonging to them, which afterwards dif- 

chargesit into the n^g'A/ Cavity of the H^art. And thus 

' that famous Circulation of tne Blood is made y for th^ 

ti^f^nhn X^^^co^^ty of vO'hich we are obliged to Dr. Harvey. 

of the Btood 9* Having thus feen, that the Circulation of the Blood 

uconfirmsd is ^ necefiary Coniequence of the DifpoHtion of th^ 

fJtmJ^'l} Veflels, which contain it ^ th^re are two very ftrong 

^* W Argument? 



|f ri)6 Skm of ^7 Uv'e Anin^ te #if^ in di^ Pa^ ' 

thnfe b a praHf large V|6ixV «^ t^i» Ytki k(tf 1^ fireect 
jlifoiii the FldSf that *i9 ftbout te, m k iiHi^ bi tMi A(^ 
iif^ bjr 3^"f faf^ g^g-rt>tin<$ if ; tre Ihadl iU tbnHt Pait 6f 
th^Teill, Whiek i$*bietwixtth^;ligd€«irftai>^^ l^l^tsax^ * 

tmxi the Ligacore ind the extienfiePartS'^ tfatt fiktdy wi^ 
f#di. Art* if tfe Vei^h be pricked^ o» Jf it be dtit ift 
ttrcy, (betwixt ^ Ligatare and the Heaot, i^i^ %ill 
come dbt but Vefy little Blo^ • Wfaei«a9> if k b($ ^intjr 
prieted iietween the Ligattirt arid ^b^ ^ti:t^He Tms <# 
tW ft^f, ^ei^e Vfll cdme out fuch V Qoa^tity ^ QI<9od[ 
tbalt the- A^khai may itie : Which i& a c«llttin> S^n ^Ite' 
the Bfood does not tt^6 in the ^fSkp^sff^m ih^ Middle 9f 
ihe Boify to the extreme Parts^ as the Ati^kftte ilWbght ; 
but 6n ^le ebntfa^y, that it vAGitsfrnH tk/^mfj^aru 
€fiheB6dft9fheMiddk,\ "^ ' • -^ 

ID. It is eafy to fee that i!»^t k f^nis dort^ hfiBbaft^^ is lo* ^ r^ 
\h like Manner done m Men^ if w^ confidftf fh<* Method ^J^jL^' 
of Icttmg Bk)od. Fo^ fince the Surgeons are abligcfd to ty€- ^ ' 
iip the Arm, in order to make the Bfoorf colneout «f the ' . > 
Veift at an Orifice below: the Ligature \ ^^ cannot' rea- 
fdnably think 6therwffe, but ttet the Ligature, ^hicfe 
the Arm is tyed with, by comprefSftg the Veins, but not 
compreffing in the fame Manner the Arteries, which are 
not fo fiipple, and whtch lie deeper under the Skin, will 
permit the BloOd to run al6ng the Arteries ttf the Arm, 
from the Middle of the Body to the Ends of the'Ffn* 
giers ; but that it will not permit it to rettfrn 2tpLmitpia 
thence fo fieely, through the Veins t^ the Middle of 
the Body, b(?caufc this Ligature it felf ftc^s it, fo that 
the Blood is forced to go out at the Ori^ce they 
jpijike. - . 

11. And this will appear ftill more evidently, if we con- Vj^^ ^ 
iider that, wh^n the Arm is bound up fo hard that thGrtigatur* ' ^ 
Arteries are comprefTed, it is impofibk to get any Blood ^ ^^ 
0ut at the Orifice of the Vein, without firft loofening '^^'"^^^ 
the Ligature, in order to give Rocmi for the Blood tO: sh^d ik^jt 
jnove in the Arteries beneath, <««» »'• 

12. Another Argument which confirms the Circulati- «»• Amthtr 
Cfn of the Blood, in the Maaner we have now defcri- ,^J^/%« 
bed ; is an Experiment made in fome of the Veins which ctrcuunon 
are juft under the Skin, and are the moft vifible of a^l. ojtUBi^ 
If we take any fingle Branch of one of thefe Veins', a& 

fox Inftance, one of them which ar4^ on the Back of the 
'■■' ■ / ■;• ^ ' ■• ^ ■ - • • ■ Hand, 



TfK. XVI. Hftiid; ifffak^ i$ lifit xepitfented \>y AB, .of wbtch A is ' 
^^' '* the Part Jbrtbeft difbnt &qm the Hiearty and Where two 
Branches uiiite in one .; an4 B the Part neaieft the Heart, 
and where the Branch divides ag^n iiito two other ; If, 
I (ay, we prefs. the Vein at A with the £nd of one of 
c^ Fingers fo as to ftc^ the Blood, and at; t|^e fame 
Timfi Side another Finger along the Vein AB, to drive 
thie Blood tQW^i:43 CC ; thpn the Vein AB will be efpp- 
t«ed and difapp^^ neither c^ the Blood be made to g^ 
9gain into it by oiovingjthe Finger from C to B> b^s 
C9ufe tbei» i$ a Valve at B which ftops it. .But, that 
i^hich evidently proves luch a Circulation of tl»s Blood 
^ Igchave defcribed is this, thjt if the Part B be preiled 
^itlftbe fmffti fo z$ to hinder ^y Blood going towards . 
the Hpart f|pm 6 to A> and the ott^r Finger, be taken 
off from Af you will have the Pleafure to fee thp BrancI) 
AB ^Ite) iin|i)Cdiately with Blood, and the Bloqd will 
move from A towards B, that is, from the extreme Parts, 
of thp Body towards th^ Middle 
i|. A Di' 13. Th^re |s a particular Demonftration of the invifible ; 

^^^^ jfna^mofes^ pr jCommunication between the Extremities 
,fy' of die' Arteri^ ?nd thp Eytrpa^iji?^ gf the Veins, If the 
fifi sMd Breaft of ja Iiv|Q Aninia| b^ cu^ pi^nf and the Aorta tyed 
Arftrw. yp at tWQ Ifidie^ ijiftfincg aboyp the Heart, and then cut 
in Pieces betwixt the Ligature and tlpp Heart ; the Con^ 
fequenc^ will be, that ^t 9i\iy ^1 t|)e Blqpd in the Veii^ 
but that in the A^erips ifo wi)l i|i a, vf ry littlp Time run 
out at that Hol^ in t}ie H^rt whereby the Blood ufes to 
pais out of tlie left Cavity into the Aor^a ; Wl^ich it 
could not do, if the Extremities of thq Branches of this 
Veflel, had not a Communication with jhe Extremities 
of the Branches of the Veins. 

•CHAP. XIII, 

Of the Pulfe^ or Beating of the Heart and Arteries^ 

f . rhttthi 'TP H E Beating or Motion of the Heart and Arteries^ 

ToTw/rt ^'^^^*^ ^ ^^"^^ ^^^ ^""V^^ ^^ fuiEciently known by 

MdAaZit, E>pcrience5 the Difficulty lies in finding out how it la 
•IpendupoH, done. But becaufe this Motion 1% nothing elft but a Sort 
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pf Dilatation in the Heart and Arteries^ which is made 
regularly, and in fuch Meafure, that th^ Arteries beat 
ndther fefter nor flowj^r than (be ^es^rt.; I can't but think, 
that4>oth the one and ifye other depdhd 'upon the fame 
Caufe, and that this Cauie is no other than the^^Alteration 
of the Blood made in the Heart; ' *•""'. 

2. It is probable therefore, that every Time any Blood *•!*»» '*• 
g^ into the two Cavities of the Heart, this BloW miKCii^j^^,. 
with that wbich wsi$ befoup left in it, which ferves lik# 
Leaven to makf? it dilate all at once ; by wbich Meai)9»; V 

lj)je Hj^rt it felf is alfo forced to dilate and grow broader ) ... , j 
After which, when the greateft Part of the Blood whiciY' 
was in thefe Cavities goes out, viz. that.df the n^^i^^Ca-^I 
vity into the Vena-arteriofa^ ^nd that of; the Uft Cavitjr.' 
into the Aorta \ then the Heart relaxes and grows long.': 
again ; and it is in this continual Alteration of the FiguDe.: 
of the Heart that its Beating conflAs : Add' as to the Ar* * 
teries ; their Motion confifis^in this, th^it th^ fwell upon • 
r^eiving frefb Blood froni the Heart ; and return to'their : - 
firft State again imipediat^y upon the Blood's lofiog its' 
FcMPce and Agitation* 

3. Not that I am unwilling.to confefs, that the Heart is ^ J^*' '*• 
4ifpoled9 by the Fabrick of it, to dilate and contraA jit felf 7^' nUrt 
another Way : For it being compofed of two Mufcles^ it tontrihutn 
is reajTonable to think, that they exercife their Powpr aL- '* '^** 
t^rnately, that is, the Animal Spirits pafs by Tuj1)s out*^ 

of one Mufcle into the other, How^evcr, I am of Opi- ♦ 
nion that it is the Dilatation of the Blqod in the Heart 7 
which regulates their Power ; becaufe the Heart dilates it ' 
f^If quicker orjlpwpr, according as the different Qualities 
of the Blood make it capable of a quicker or flower Di« . 
l^tation/ -^ 

4. This fecond Caufe pf the Motion of the Heart, bein^ 4- ^ '^« 
iiippofed ; it is no. more ftrange that it fhould fomettmcs ^'"''/'f" ' 
l&eat, after it is taken out of the Body of a live Animal, %fer" ***' 
t}ian that zBell £bould continue to move, after we have >i>* 
Ift go the Rope ; Neitlier can there, I believe, be znr^^ 
(|ier Sleafon given for it than this. / 







.V. ^V 



C H A pi 



»0f JR0HJUf.r4^rsTMU ?|Mt|t<l 



C i| A t». XIV, 

What Time the &o$d circulatn itt^ 

f.Aw/« "DY reckoning veiy nearty the Qmntky of Blood t^hklf 

rtfiftf! ^^ ^"^ ^!^ ^^*^ ^^ ^^y bating of the Hearty 
CirnLlom ^^ ^J deterffiiiufig aUb the Qiaantky of ^ood whicli 
yftRiSkid, these IS in the ^^^fe Body ; we may find how'longTiiM 
' it takes to ikiift one Cin^tion, by ibme fuch Way o^ 

'Realbnfaig s^ this. Firft then, Iztiiof Opinion, that e* 
YVfy time th^ Heart beats, it throws a Dracbm o( Blood 
]0Cothe Aoits^ wjifch is tfMs leaft, I think, that can caiife. 
^ fenfible Dilata^tion in all the Arteries : This being fup* 
pofedy I count how many tim^ my Pulfe, and confer 
joently my H^rt, bieirtsln ^minute of an Hour, and I 
^nd khaiiss6ictfkiax tiines; that is, thre^Thoufand eight 
fiindied and lorty times in an Hour : Whence I con^^ 
dude that there pafles through the Heart every Day, nine- 
tv two Thoufaiid one Hundred and fixty Drachms of 
Blood) which mak^ eleven Thoufand five Hundred and 
twenty Ounces, or feven Hundred and twenty Pounds of 
Blood. Wherefeie if I had fo much in me, I ftoutd con- 
clude that it circulated once a Day ; but becaiife I am of 
Opinion that there is not above ten Pounds of Blood ia 
jny whole ?ody 5 I conclude that in twenty-four Hours^ 
it pafTes feventy-two Times through the Heart, anrfcon- 
fequently the whole Blobd circu^tes three tiQiea in an 
l^our. , ., 

s.T^/r&ri 2. But it is y^ry manifcft, that if more or 1^ Blood 
^^^j^ than I have fuppofed, goes out of the Heait at every Beat-. 
^ tia&. ^Sv ^^ the Pulfe b^ fafter or flower than I found mine to 
be by Experience^ or if the whde Mafs of Blood be not 
Juft ten Pounds, ^ I imagine it to be ; there. Will be fbimii 
a different J»Iumber of Circulations in an Hour, than what 
I have laid down ; fothat the Calculation now made, 
fcrves only for an Example to niake others by. 
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C H A P. XV* 
Of Miural lUdt^ 

TH £ HE is a certain Heat m m which b Jftot trdnfi- ^'^j^' 
cnt, like that impreflcd upon inanimate Subjefib hy ^* 
Fire, but which continues in the Depth of Winter, ann 
iafls as long as we live ; this is what we call natut^liicat : 
Concerning which there have (been twoThings which Men 
iiave always been follicilous to enquire into. Firft, What 
it confifts in; and fecondiy^ How k is commuaicated 
from the4Ieart, wJuch is at it wece the Center of it, to 
liie moft extreme Parts of the Body. 

2. It feems to me moft profaabk that naturxi Heat 6we$ t. m^t k 
4t Original Jtothe Biood, and is pretty much like that we ''^^ '** 
mentioned in the fiift Part of this Treatife, which ariies 

from the Mixturt of two Liquors ; for Inftanoe, of Oyl 
of Tmrtar and Oyl of Vitrid. For after the greateft Part 
t)f the Blood which is xariiied in the twso Cavities of the 
Heart, is got out through the Vena-arierUra and AortMi 
that little Blood which mil remains in thote two dvities^ 
ftnd that new Blood which comes from the Bags or Eais 
of the Heart, are like thefe two Liqu6rs^ and one of 
liiem feirves as Leaven to the other, to dilate and heat it» 

3. As a Confequence of this, it is evident; that the Heat ). i^ k 
communicates it felf to all the Parts of the Body by the «*'«^* '* 
Blood which comes to them perpetually from the Heart J,^'. "*" 
throi^h the Arteries. Thus we perceive tiie Heat to be •' 
proportionably greater, when the Pulfe of the Heart and 
Arteries is quicker, and the Blood has not time enough to 

cool, becaufe it is fo foon carried from the Middle of the 
&ody to the extreme Parts« 




<? HA P. 



«7o JtOH.^ULT's SyiTZtt Pari 



CHAP. XVI. 

Of Ncfurijhment and Growth. 

t. n#rrA» X L L the Parts of our Bodies, except the Boiics, bciiig 
B^J^mrt^ ^ very foft ; it fcems to me very rcafomble to thiilk 
fntimttJlf that they are continually wailing, and that this Wafting ift 
#//«ri»f. Jncreafed by the feveral Motions of our Members, and by 
,the Adion of thofe external Things which furround u^ : 
. Yet Mre can fcarce perceive any fenfible Diminution iii 
our Bodies, efpocially if we be in perfeft Health ; nay,. 
<we (bmetimes find, on the other Hand, that they increafe 
and grow bigger in a.vcry little Time : Whence we muA 
cafily be convinced, that fome hew Subftance muft come 
•into the Place of that which we are continuaUy loling, and 
that this contributes to our growing bigger. Thus we 
iee, that if any fmall Hurt happens to almoft any Part of 
^ our Bodies, they heal, as it were« of tbemielves \ and that 
when any fmall Part of the Skin or Flefli dries, and conies 
,ofFfrom the Body, another comes in its Room, and the 
Part which was hurt, becomes at laft like the other Parts^ 
or like what it felf was before, 
s. What it 2, When the Particles . which are changed mto the 
■J[f*"'^^J^.fame Nature as our Body, make it only to cominue in 
^>Mf<f»tb, the fame State, this is called Nutrition ; but, when they 
are applied in fo great a Quantity, and ar^ of fuch a Sort, 
' that they increafe the Bulk of it, this is called Growth. 
*S. 7^«' 3- f" order to explain how this Alteration is made ; all 

^^AG^^" tb^^^ ancient Phyficians, and fome of the modern ones, 
*ore mlTlby '^^9 ^^^ ^^ Opinion concerning the Motion of the 
$btBkod, Blood .which we have confuted, teach; that the Blood' 
when it is got to the Extremities of the Branches of the 
capillary Veins, comes out of them and changes it felf 
into a kind of Dew, which afterwards thickens, like mo- 
derately thick Glue, and then the feveral Parts of the Body 
divide it amongft thcmfelves, every one attrafting to it 
felf that which it v^rants, and converting it into its own 
Nature. Thus the Flefh attrafts one Part, which it turns 
into Flefli, and the Bones another Part, which they con- 
vert into Bones, and this they do by an occult Vertue, 
which they call the AttraSfive or ajftmilating Vertue. 

JL. But 
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I ( 4* But fincc tUs Opinion appears coritmrjr^to Readan ; ♦••Jj*^''* 

I becaufe it docs not at all agree with what was above de- ^^^fiahM* 

I monftiated concerning the Circulation of the Blood > nor 

I does ' it in the leaft expfain how the v^nal and ^rteriil 

I Blood are <!x)nverttd ini» D&w^ and then into Glue ; and 

' . becaufe it fuppo^es, that every Part of the Body h indued / „' . , 

with an attra^ive dt afftmilattng Pirtue^ which is wi»C I 
> do^not at all underftand ; therefore I think my felfobUged * 
taenquire after another Explication of this Alteration* 

5. ixi order to which, we need only to confider in what 5* ff^^ 
State the Blood is when it comes out .of the Heart to fill ^*!'^!^^ 
the Arteries : For it being then very much thinned and an per. 
dilated, and impelled all Ways with great Violence j "mfi^^'^^ 
cannot but think« in the firft Place, that fome fmall Part 
of that which runs into the capillary Arteries, gets out of 
them through an infinite Number of Pores, .which are in 
^the Skins cxf which they are compofed, aiid which open 
themfelves at every Pulfc : Further, if we confider alfo, 
that thefe Pores are fb ftrait, as not to fufFer freely all 
the Parts of the Blood that go through them to move all 
Ways indiiFerently j we (hall conclude, that they are car- . 
ried but one Way only ; fo that by following one anothdr 
and at the &me time touching each other^ they compoib 
not a liquid, but fmail Threads only, like the Fibres of 
Fleih : And thus Nutritim is made, when that which 
waftes at one Exti'emity of the Fibres of the Flefli, is re- 
paired by an equal Quantity of Matter joining or uniting 
it felfto the other Extremity, and impelling or driving.the 
Fibres before it ; And Growth is pertbrmed, when moie 
new Matter is added than is wafted away of the old. 






CHAP. XVII. 

» 

Of the Animal Spirit s^ and of the Motion ofth 

Muffles. 
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E S I D ES thofe fenfiWe Parts of our Body which ve ];^J^ll^ 
have taken Notice of, there is yet another ^oxt Qi^J^iJ^ 
-Matter, not to be perceived by the Senfcs, which is like spirit tn 
:very fine and much. agitated Air, and which Phyficians 
call Jnim^l Spirits. Thatrtbere are fuch canhotbe doubt- 




j!:l \ * y^ iwjfjXi^ Oft a^dden, ii^ie;tfaeiv h aot the kaft)Sd& 
^ ttciQO of itbe JBA(9od running in to jproduce lib iioiick mi 
tt^ix: Now this cannot well be afcribed tx> anjr Tkiag 
(flji^ but to a vcrjr jSoe aisd Vtry lauch agitated Matter* 
l^VtfHm '^4i^ ^j'^iAacifiits thaight, that d>eAni«uA Spirits wseie 
MUuit^ Ittlidk^OMtiif jfomCtOf the Aj^erial Bloody which getting 
mktaiAnU :^fBam^'A& Ccrctidts into the finkin, the^ima^nnl tiiat 
^^tfe€^ the Suhftailcc of die Bcain bad a Power to convprt this 
ti've* ' ' Blopd intoSipirlts. But we muJft :ax:knowledgje that this 
Doftrine is very .obfoure aod defiQ6Uvc, Jiecaufe it jdoes 
. not £bow us wbat this Po»ier confifts in, nor what ^tke 
particular Kature of tbefe Animal S^Lts is. 
jj^ ^^^ 3« That we may make this matter mote intelligible, ke 
jinimaispi- US confidoT, that the Blood bekig h«d!ed ai^ diiatad ki~ 
net are pro- thc kft Cavity of the Heart ; fome of its Piicts, by jdaihkig 
aaftb^^ - againft e^ other^ muft be inade iuhtler in .fuch a manner, 
Brain femfes^did acquire iiich fort of Figures, as wiil >€3iable them to 
'Wjrfo/e^. move inoi;e :eaillT than others, and to pais through fuch 
frUt'tb^rf/F^^^^ js jthe odber will not pafe through* Tbefe moft 
^/tbtBl$od.i^htk aod moft .agitated Parts come out of the Heart a- 
-Jong with thoife whtcb.aoe not fo fubtle nor fo much agi" 
rtated* And the Difpo&tion of the Aorta is fuch, jt^t 
-whatever goes out of the left Cavity ^ the Heaat tends 
idiceStly to the Brain ; but becauie thene is a very great 
■ Qi^ntity of thofe Particles, and becaufe the Paflages of 
-the Brain ;u;e. too Arait to receive them, therefore the 
greateft Part of them are forced to turn and go another 
..Way ; and the fineft and moft agitated Paitidesonly c»n 
enter into the Brain, where they are made ftill finer and 
Separated from^ thofe which are not fo fine. Now it is thefe 
Particles, which are made thus fine and feparated from the 
grofler Partiotes, that they call Animal Sj^rits^ to thc pro^ 
dticing of which the Brain no otherwife conduces, i>ut 
only like a very fine Sieve, thaj: feparates the fineft 
Flower from the coarfe. 
^*1$n>attb9 4. After we are once convinced that there are Animal 
f^cf Spirits, and are aflured that the Brain is the ReQepta(;le 
the MufiUi W them ; there is nothing obfcure in what they csftl the 
tomfifii !«• fnotive Faculty or the Principle -of the feveral Motions of 
the Members : For it is eafy to apprehend, that when 
either the particular Figure and Agitation x)f the Partides 
which corapofe thefe Spirits, or thc external Obje& which 
Ailed the Oi^ns of our Senfes, or our own Inclinatiun 
to fuch or fuch Motion, dotermines into what Nerve thdcr 
•Spirits iball enter rather tban into any other i they will 

foontf 



iboner enter into that' pftiticular Ndfve than any othfiri 
which confeqtiently, from the coinmm Strudlure of all 
the Mufcleg,, t»iU fivell and grovr ihcnter, and then th^ 
Timdon muA dr^^ up that Part of thir Bodj to which it 
is fixed ; and in this nianner it is thai our Members are 
inoved* 

5. Nor 18 itiieceflary, that eVery T*iih€^ y^ move any 5. Thai ' 
iHie of our Members^ uie firain fhould fend a large Qian- '*^ ""* ^ 
tity of new Spirits into the Mufck which ferves to pro- ^p^iuT^ 
duce this Effeft : For each Member beifig capable of be- quindfir 
Ing moved two contrary Ways, by the Mufeles called An- 2? iS!'^ 
Ugntiftsy we mufi think, that when the Mufcle which* ' *** 
ierves for one of the Motions, ceafes to ad; the Spirits 
which fwelled it j pais into its Ant^onift by a Duft com-^ 
fiion to them both^ and b helps to move the Member :' 
And in order hereunto, there is no need of any mord 
Spirits flowing from the 6rain, than i& ncfcefTafy to opeix 
and Aut the Paffi^ of this Duft conveniently, and tor 
fupply thofe Spirits which are fo attenuated by continual 
Agitation, that loiing the Nature of Spirits, they fly ofl^ 
through the Pores oi the Membrane in which each. 
Mufcle, is contunedi 
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CHAP. XVlIt 
Of R E 3 P I RAr 10 Ni 

IF to what was obferved in the firft Part of this Trea- t.iRwiJi^ 
rife, (namely, that Re^iration depindf upwthg ^^^n^^'^ 
$f the Mufclet if the Breaft and lower, Belfy^ which hyjwil- 
ting or making fiat the Body^ mdkts the Sir to entir in or g§ * 
out'9) yft add, what was now iaid concerning the Adlbil 
of the Mufeles ; we (hall have ckaied all that one would* 
defire to know upon this Subject. 

a. However, I cannot omit one Particular, which >• ff^ 
though of no great Moment, is yet worth obferving f and ^JjJJ/^ ^ 
that is, that when our JVfouth is open, we can at PkafujPe, pen, mn cm 
either bieath through our Noftrik without breathing ^**^ «<* 
through our Mouth, or breath through our Mouth with- '^^^^ 
out breathing through our Noftrils. Now in order to feowl^eftrtiH 
the Reafon of thQfe two £fie<^, we muft obferve^ that^ ^ , 

Vol.. IL S . the ' 
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the firft dependl upon this^ that we can fo draw back 

Tongue to the Bo^om of our Moutb$ as to hinder 

Air from entering into the Lungs that Way, as much 

if the Mouth were quit^ fliut; and fo it b forced to en 

m through the Noftrils; The fecond d^nds .upoti t~ 

that we can make ibme Pieces of Flefh, which are at 

Bottom of the Noftrils on th^ Infide, and which are 

Mufdes, come fo clofe together, that the Air not b 

able to get bto the Lungs that Way, is forced to en 

in by the Mouth. 

tfR^l^* 3" ^^ Neceffity of Refpiration appears fufloicicntly i 

tin! ^ ijaoft Sorts of AnimaJs, which die if it be flopped for an^ 

time ; And for the Ufe of it^ it is very probabk, that the 

Air, by getting into the Arteria-^fpera^ cools and condeo- 

fes the Blood which runs along in the Branches of the 

Arteria-vinofa^ in order to make it fit Fewel for that Sort 

of Fire which is in the left Cavity of the Heart, and that 

U may be there dilated ag^in : And this fame Air, when 

it comes out of the Body and the Lungs, brings along 

with it certain Parts which are purged oiF from the Blood 

as it runs in the Branches of the Vena-arteriofay and Ar* 

ieria-venofay which are as it were the Smoak or Soot of 

the Blood. 

4. A mta- 4. Infants don't breath at all whilft they are in thfcir 
^,fJf^^}fi^^^r'sWombi and the Blood which is once. heated 
fuffiiet in irt the right Cavity of the Heart, not being cooled by Re- 
tbe F^tus fpiration, cannot be propel: to nourifli that Fire which is 
ti»ira7i^. in the left Cavity • Wherefore Nature has provided a- 

^ ' gainft this, by fo* ordering it, that the Blood when it is 
once heated and dilated in the Heart, fhould not enter into 
it again, except perhaps in a very fihall Qimntity : For, 
the greateft Part of the Blood which goes out of the 
l-ight' Cavity of the Heart, paffes imiiiediately out (^ the 
. Trunk erf the Vina-arteriofa into the Aorta^ whilft odief 
Blood to fupply the Defed of this, paffes immediately out 
of the Vena-cava into the Trunk of the Arteria-vemfiii 
from whence it flows into the left Cavity of the Heart 
a^d is there dilated. 

5. fibw 5* T^^ ^^'^ ^^ Channels through which the Bl 
tiofi'Bft^ paffes in this manner in Children before they are bo 

TmlfJ^a^ ^ *^PP^ "P ^y ^g'^ ^ft^'' they arc born ; bea 
rr., csncof»- ^hey bcmg then able to refpire, the Bk)od which coi 
tinu4 ^y«t out of the right Cavity of the Heart, is fufficiently cou 
r^. «,^,«f and condenfed before it entere into the left Cavity to iM 
.. .^' . nfc the Fire which is there. The fame Thing happens 
the greateft P<irt of Beafts j whereas in Men^ for vmt 
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ky thefe Channels are flopped up, fo that in fix W^ib 
two Months affer they come into the World, there does 
appear any Hole or Dufls at all. But becaufe thex« 
fome Animals, fuch 2s. Ducks and Cor m&r ants , which 
ill fometimes continue a long #hile under Water, where 
jcy feek for Food, aijid where they cannot breath ; ii% 
&ch Creatures^ the Holes now mentioned arc not flopped 
tip, but they make ufe of jfcherti all their Lives j \^hich is, 
cjwing either to their coriftant ufing of them, or elfe to 
the particular Nature of fuch Aninials^ whereby it is har-. 
der for them to clofe and be flopped up* 

6. And perhap$ thofe famous Divers amongft the Anci- J- V '^, 
ents, coiyrerning whom Hiftorians relate. That they con'-^^,''!f^2 
tinuid whcU Hours under the fFater to the Admiration of \ 

fe//, were of fuch a wonderful Conftitution of Bqdy pe-r 
culiar to theip, that their Blood kept open thofe Paflages^ 
that it might run in them when there was Occafipn, as 
it did before they were born, and as it does in the Bodie^ 
Of Ducks and Cormorants. 



CHAP. xiX. 

Of JVaking and Sleeping. 

^j^HAT which Experience principally teaches us con«» »• oftra- 
•^ ceming JVaking^ is, that we are then in fuch a State, ^/"Lwf 
is to hear the Words of thofe that (peak to us, to fee 
4he bright Qbje^ that are before ojir Eyes ; in a Word, 
^We then perceive, in all the feveral Ways that we are car- - 
l^ble of perceiving, when any Objefts aft with fufficient 
If or^e upon the Organs of our Senfes. To wiiich we 
lay add^ that we can then movQ our Bodies alfo fever^ 
iTays juft as we pleafe* And Sleeps we find by. Expe- 
ienc^, to be a State oppofite to this, in which the com- 
iion Aftions of external Obje£ls upon the Organs of our 
l^nies, do not raife any Senfation in us, and during which 
Jur Bodies appear to be; at perfe(ft Refti 

^., 2. In order to account for thefe two States, \i is fufE- a. wiatb*- 
fcrtf to Gonfider^ that Waking confifts in this j that the '''^^'*'**< 
Inimai Spirits beitig at tfiat Time in great Plenty in the'*"'^'^' '"* 
^Mf\f and capable of being eafily determined to run from 
V 9 L lit S a - thence 
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thence through all the Nerves, they fill them in iuch a 
manner as to keep all the Capillaments of them if retchec^ 
and diftinA from each other. For, upon this Suppofition^ 
It is eafy to apprehend, that if any Objed aflt£b any Paif 
of our Body, the Capillaments of the Nerves which end 
in this Part, can tranfmijt the Impretfion ivhich they le* 
ceive, to tbit Place in the Brain which imitiedtately ex- 
cites a Sen&tion in the SouL It is alfo eafy to concehre, 
that the Animal Spirits, being then fent into (everal Muf- 
cles, make tl^e Parts of die Body into which thofe MuA 
des are inferted, to move feveral Ways^ 
). What ^, A Sute of Sleep being oppdite to that of Wakings 
Shepconfft .^ ^^^^ ^^ determine What it confifls in, we need cmlv 
iuppo(e a different Difpofition in the firain &Dm that whicA 
caufed Waking. And as that confifled in the Qjomtity of 
Spirits ; the odier, for the conttary fte^on^ ought to \M 
caufed by a Scarcity or Failure of Spirits ; fo that the 
pores of the Brain, through which the Spirits ufually mil 
into the Nerves, not being kept open by the continual 
flowing of the Spirits, (hut up of themfdtve». The 
Confequence of which will be, that the Animal Spirits, 
itf^bicb V9txt in the Nerves before, being diffipated, and 
no new ones flowing in, the Capillaments of the NervesI 
will become flack and foft and cleave to each other. And 
if at that time any Objed makes an Impreffion on any 
Part of the Body, thofe Nerves cannot tranfmit it to the 
Brain ; whence it follows, that there can be no Senfa* 
tion : Further, the Mdcles, which are then void of Spirits, 
being relaxed^ are of no ufe to move the Members intd 
which they are inferted ; nor can they any more contributAJ 
to keep die Body in any particular Poifture, than if they 
were entirely deftroyed. 
J/JfZ bi ^ '^^^ Clofing of the Pores of the Brain, w 
♦p2!»ftfJJ. ^^ ^ Orifices of the Nerves, and confequently See^ 
follows neceflarily from any great Lofe of Spirits : Biit 
there be a fuificient Quantity of Spirits in the Brain wP" 
may be employed, if we make but a itnall Eftbft, to 
Araons of Waking, and we do not employ dicm; 
Beginning of fuch Sleep may be faid to be Volonf 
For thus we fee, that aPerfon who finds himfelf di ^ 
fed to Sleep, can forbear Sleeping for fome time, if 
willj by applying himfelf intently upon doing fomc***^ 
and employing his Animal Spirits, which otherwife . 
be employed another Way, t« Anions which fave 
keep him awake. 



5. ^nce the Animal Spirits am in very great Agitation, ^' ^^ ^ 
It k eaSy to imagine, that if they arc not emptoycd ih fysi^,!^ 

I fce^ing U6 awake, but remain in the Blood, they muft 
incTCafe the Agit9t;jon of it» Parts, • And beeiufe the In* 
creafe of the Heat of the Kood and of that of all the 
Members, confifb in this ; it follows, that if we fleep in 
a Bed in the Depth of Winter, we grow warmer than if 
v^ keep our kh^ awake* 

6. It may happen, that while we are afleep, (bme of the 6. ThtCsufi 
Animal Spirits which are in the Brain, may fhake fome of^/^»^«u. 
the Parts of the Brain, in the ikme manner as they would 

be fhgked by an external Object afieding the Senles of the 
Body. And in tbi3 C»fe, there wiU be a l^fation raifed in 
the Soul, arid fuch a Sort of Perception as we call a Dream. 

7. And ^ecaufe tbofe Parts (^ the Brain which ^[reufed ?• ff^fyw 
to be ibiikon by the AAion of fome external Objeft upon "^ ^« 
tbaiQ, ^re moie aafily agitated than thofe which are air {utZb^t^ 
waya at i^ft; therefore thefe are commonly put in Mo^ bavefe»H 
pan by th^ Animal Spirits when we are afleep 5 which ^i^^^h. 
is the S^e^fi^ why we fcarce ever drsam of any Thing in 

pur Sleq;», but what we have feen when awake. 

8. And bocavfe the great Variety of Obje£ls which we ^- ^h 
Jiaye taltea Notice of in the Ourfe of our Lives, hath g^n^'^T* 
^itated the Parts of the Qrain in very difierent Manners ; dijurM^^ 
it would be a Wonder, if in our nightly Dreams, the A- 

pinial Spirits fbould at any Time move them otherwiie 
(ban a« if partly oi^e Qbjeft were prefent, and partly as 
ifanotherw^r^prefent 5^ And thus the Perception raifed 
in the Soul, m^y foo^e^imes be th€ H^i of a Lym upm 
fBf Body rf a Geat^ that is to fay, it is very hard for our 
J>reams to be at any (iine regularly and orderly. 

9. Th^ Natur? of Sleep b^ing fuch as we h^ve now de- 9* B<m m^ 
^cribed j it is f vident, that it may be interrupted, if any Z'ahfrm 
^fi( our Qrgai^ of Senfe be fo (haken, that the ImpreiEoa sk^. 
^ade upon it, extends to the Braiii : For in this Cafe, thofe 

||pw Animal Spirits which remain in the Brain, and tbpip 
ijrhlph flow thither without Interruption, n^ay be pmploy'd 
i|o drive away Sleep. 

. 10, But if no Qbje<Jt fl^ould zA thus i^rongly upon the c^;jfytT 
iQigans of the S^nfes, yet Sleep muft neceflarily end ^jft^r wmkingjrm 
Lp certain Time, For the Animal Spirits which are prot ^'»f» 
l^uced in Sleep, will in Time become fo plentiful, thajt 

'ley will be able of themfelves to open the Orifices of 
le Nerves, and to fill then> fo much as is neceflary todif-r 

pgage the Capillaments, and make them occafion tbe 
W>v4't9 fed Qbjea^wl^icl^ touch the JBedy, Ti^usaMaii 
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itot is aflecp in his Bed, may be awaked by the 

which is raifed in him by the Hardnefs of theMattijel^ 
■which he Jies, or by the Sheets being ruffled ; or, as 
very often happjen?, by the Senf^tion, oy Motion wlu( 
we njay h^vc to go tp Stool, 




C H A R XX. 

Of the dmcoSlion of M E A P. 

^/S''/*' S ^ ^ ^? feme Part of the Blood is peipehiallv con^ 

made cui •/ VCTted into Animal Spirits, as was juft now explained ; 

f ^* F99d. and a niuch more confide'rable Part is employed to nouriffi 

or augment the Body, it muft neceffarily at laft be sdl 

dried up, if there were not a Supply of new. Further^ 

every one knows, and the continual Appetite which wi 

have for F<K)d, does moreover fhow, that it kttat which 

fupplies this Lofs, and furnifhes this Want, by being 

changed and converted into Blood ; but it is not fo caly 

to tell how fuch a wonderful Change is made. 

lili'At' ^: ^^^^ Experience teaches us, that after the Viftuals 

jtBtiUu a. ^ ^" ^ Sr^^s Manner ground, bruifed,'and divided by the 

^out Con^ Te^h, and moiftened with the Spittle, they gb down into 

ci,au>n. the Stomach, where they continue to be divided into ftill 

ImallerTarts. This fecond Divifion, which fo altere th« 

Condition and Form of the Food that we don't know it 

again, is what we call ConcoSfion, which the Anticnte 

^ 7he Fault ^^'f'^^l'^^^ performed by the Heat of the Ventricle only. 

iftbar opu \ ^^ ^^y venture to affirm, that the Antierits would 

not have taught this Opinion but for want of a better : Not 

that It appeared to them defedive for want of fufficient 

Proofs ; for the Authority of K^m that advanced it, was an 

undeniable Proof according to theCuftom of thofeTimes, 

, when, in order to eftablifh any Opinion, it was fufficient 

toTay, that fuch an one was the' Author of \t\ But that 

Which created a Difficulty, even to them, was; that thcf 

Jaw a great many Animals, in whofe Ventricle they could 

f ot obferve any Heat ; as for Inftance in Fifhes, which 

notjithftanding did not want Concoftion, nay, had » 

g^ ijone, asthofe where the Heat is greateft of aH 

YViierefore, that they miglit not be at a fl^nd, at aTimP 

V^eni^hiiofophws had theVanity to declare, that there w» 
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any Thing tfaatthey did ndtunderftand; ihe)r found 

It a Way to get rid (^this Difficulty^ by feying, that the 

kHeat which femd' to concoftFood, was a particular ex«> 

kraordinary Heat, not at all like tluit which we perceive 

-by our feeling. But this is a meer Sc^hifm ; for it figniJ* , , 

fies no more thsln to lay, that the Concoftion of Fo<xi is 

cau&d Inr fomething we do not at all know what, whicli 

we call Heat. 

4* That thef Miftake of the Antients might appear mofe 4- nac^^ 
plain, I have oftentimes made the following Experiments ^filZdl^ 
I procured a certain Quantity of thofe fmall Bones Which tb* Bmm^/ 
are at the extreme Parts bf thofe Sheeps Feet which '*[ff»"«** 
they fell about half bdfed ; Part of thefc Iput intoa Pot T?! 
almoft full of Water, and boiled them over the Fire for 
near three Hours ; a^r which the Bones did not a[^peat 
to be at all chimg^ ; I gave the- other Part of thm at 
the fanlie time to a great Dog, who dsvomed them im'^ 
mediately, and in thiee Hours I found thefe Bones almoft 
entirely concoiSed. Now the contrary ought to have hap* 
pened, if the Conco^on had been ' cau§d by the Heat - 
only; for the Heat in the Pot was mudi greater than 
that in the Dog'^ Stomach : Hence we may conclude j 
that Concoction is not performed ia the manned tbe An« 
tients taught. 

5. The modern Chymifts have paved the Way to the 5« ^^Z*** 
Oifcovery pF this Truth, For thpy feaye Ihpwn in tfie g;^/^ *;** 
firft Place, that Liquids; are the moft eiFeAual Caufes of 

the Diflbiution of hard Bodies ; and that there are foipe 
Sorts of Aqua-Fortts proper to difTolve fome Bodies, and 
other Sorts proper to diifoke other Bodies, It is there- 
fore very reafonable to thinlc ; that after the Food has 
been bruifed and divided in the Mouth, it is, as we fai4 
before, fwallowed down into the Stomach, after it is well 
inixed with the Spittle, which by the Motion of its Parts 
while it continue a Liquid, ferves like Aqna-Fortis to dif- 
folve it further than the Teeth couJd do. And this is con-r 
firmed from hence, that; the Food is mu<;h eafier to eon-» 
coA, if it b^ well chewed and mixed wi(h a good deal of 
Spittle, than if it b^ lefs chewed and fwallowed dowo 
Jnto the Stomach almoft dry. 

6. But this is not at all. For tbeiFC are a giwt many 6, of am. 
Branches of Arteries, the Extremities of which are in the ^j^^/^^^^'^- 
Infide of the Stomach ; from fome of which there ge- /Jo tu 5^^ • 
nerally diftills another Sort of Jqua-Fortii much ftronger w*f*. 
than the other, which mixing with the Spittle, helps it to 
^dilTolve tbe Vi&uals, and indeed does the moft towards it. 

S 4 To 
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To whidi vt nwy udd fiiither^ tfa^t inw 9iiy n^t 
4ti^0t^ with the H^Viitiffits, that thefe two Sorts of 
ffvmf in Man aod in the gtoHeft Piut of Ahiinds^ 
<q4ii^ Heat in thu^Stofitiicht in Pi#r to ^Uifiilye the Via 
tuals contained in it^ 
^IStJiL 7- The ViftuaU aftipr being thusdiflblvpd, go into tl 
fhtCoue^au tntoftinefy whm it may. be faid, that a fecoiul or a third 
p flf ^ Concoflion is ?nade : For the (5all which continually dir 
rts^sfh , lyjj^ j^^^ them, 9ni whicb tinfiiutts the Vi(9»^ aUooft 
. it^'ibon as they fonie oul: of the Stomach, fioiflies» as thf 
]^ DiiMvoit, what the pflpQ(iedfng o^ 
cla^^ 8. if what I have &id coficqming the GaU ^oes not a^ 
fi^ £]^f1 P^ v^<th the Opinjonpf feme Phyficians, who think that 
mut* theGaUss nothinghutanExccenoentandof nou(ein th^ 
Body, I ^1 not be very uneafy at that j . becau^ their 
Opinion ^ fo &r fo)m b^ng fupported by that it 

is 4mSdy conbadiSpd by it, A<^ indfxd, ijf th^ Gall 
W9ie only a m^er Esccrement, ft ^ very probable^ that 
Nature would rather have placed it at th<d Autiier End thaq 
at the Awning of thp Intefttneg : For if t^ieir Opinioq 
^ true, it iprvcs only to taint the VtSuals as fix)h as if 
IxiDies out of the Stomach, befim it fiai^ fyqiiiih^^hatii 
pac^flary toflourifli the Bo4y, 
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<^ fbe J^tm 9f the Ch^, 
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1. mat tht T N what manner focvpr the Vi6hials are prepared, wbei| 

f;kjk i#. !> tj,gy gj^fpj. jntQ ^ Intcftincs, it is very certain, that 

- that Part which is feparated froin them in onder to be con^ 

verted into JBlood, muft be very fluid, becaufe the Paflages 

it goes through are fo fmall as not to be difcovered by the 

Eye. This Liquor is what we call the Chyle which is fe- 

parted (whatever the Caufe of that Sqpariation be) fkxMn 

s. ihiih. the other Matter which is more grofs, and muft go fomc 

$m»/tk$ Way to that Part of the Body where it is to be convened 

^';j^;;^^ into Blood. . 

$im •ffb^' 2. The Antients, who made Enquiry after thefe two 
f yAi yUn^y imagintd th^ the Chyle ^w di^Wfi out of ti<? 

llitieftiiics 
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jnes by ^the Extremities of the Bfaacbes of tliQ Fiua-' 

to which thejr afcribed a Power of iucking. That 

ilia tfaby the Chyle continued tonm tcywards the Livcr^ 

ly vdiicfa it is liktBWifc attraAed, and into the Subftance 

' ibf which it outers, s^id ^t ^h^tb^ ]LiT^r oxiv^rts it 

into Biood. 

3« Thou^this Opinion wis leoftvedin theSchoob 3' ^^^'.^^. 
for a^ long time, yet wBiv thry forced to tgeft it at kft ; |/^^'j^^ 
Jncanfe no Body luiderftbod what thatVcrtue of fucking r# Rm/m. 
WIS which they afcrib^ to th^ jtnefeiitery Veins ; nor 
what that Vfirtue of attracting %ho Chyle ^n4 converting 
it into ^lood^ confifled in, which tl^y ^cxibed to the 
-Lnrer) bat chiefly becaufe, ^uxordmgto |hat Opinion^ 
the Qiyle muft run from the Inteftines to the Liver^ 
throng tfao<^ Vdn$ which they affirm, carry the Blood 
st the iame Time with a contrary Motion fiom the 
jLiver to the Inteftines, which without doubt is contrary 
tooommoi) Senfe tad Reafon^ 

4. Indeed /inoeit has hsen found out, that the Blood 4. ^t 
ciiailates and mns out dF the Brandhes of the cceliack Ai-t ^" " ^ 
Vary into dip Veins of the Mefentery, and fo is camoi^^ ^g^/gl^ 
ffom the Int^ftina to the l^ivpr; it is rightly judged, ciremUtiom 
that the Blood is fo far from hindring the Motion of the '{^J^f^ 
Chyle, ^hgt It P^^ buf contribute to make it move the ' * 
inficr. 

5* But thou^ the great Difficulty which was found in 5! TB«r #fo 
fhc Opinbn of the Antients, was hereby removed 5 yet Difnvery 
the pifcovery which was fometimc fince made of thc^^^J^'^^ 
k^ml Feinf^ in whkh the Chyle appeae .vifd>ly to be caufed iiu 
contajtvMl, has cauied it to be entirely rqeded ; And ex-* ^Z?'^ ' 
(ept fome few of our old Phyiicians, who can't bear to '^^'^^ 
alter dieir Opinions, tbere is none at this Day but hdd^ 
that the Chyle does not enter into the mefentery Veins 
^tall, but onjy into tbi^ ladeal Veins. 

6. And theiip being yet no Doubt concerning the Place 6. VUftpi 
where the Blopd is made j they ftreight concluded that the ^«*'» <««• 

I lafteal Veins did ferve as Channds to carry the Chyle ^^^^i^^ 
i ilkedly from the Inteftines to the Liver. Cbyh, 

7. However they were forced to rejcd this Opinion 7^ ^^^Z** 
lilfo, upon iinding by Experience; that when the LivttuJ^utt* 

I of a live Animal is cut out of the Body, the ladeal Veins Livtr staff. 
I do not empty themfelves at alL For it is certain, that if 

the Chyle went diredly to the Liver, thofe Veins ought 
, to grow empty, becauie all the Pafia^ thiot^ which it 

goes woiild be open. 
J '^ «. Xhmats 

9 
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% Of the 8. During thk Unoertainty of the Courfe which 

Sj2 ''^^ Chyle did take 5 Mr. Pecquet thought of a Method 

^^ putting this Matter paft all Difpute* Jt is an Experiment 

which he has made and ffaown agieat many Times^ and 

which difcovers the C3ourfeof the Chyle fo as it msLj be 

fcen with the Eye. The two fubclaviary Veins muft be 

tied a little above the Place where they difchaig^ th^m- 

ielires into the Vend^oava ; that there may be no Comniih 

nication betwixt that Part which is above the Ligatures, 

and that Part which b below them ; then having opened 

^ right Ckvity of the Heart, all the Blood which is 

beneafli the Ligatures muft be kt out ^d caiefully 

wiped up with a Sponge ; after which, having fidl fcpeezed 

the lajleal Veins, thm the Receptacle of the Chyle, and 

laft of all the Duft which goes along the Vertebrae, thefe 

Vefiels will grow empty one after another, and you, will 

fee all the Chyle go into the right Cavity of the Heart. 

And this made us think, thougft we expeded another 

Paflage, that all the Chyle pailes from the Inteftines into 

the lacteal Veins .; and from thefe Veins into the Recq^ 

, tade, and from thence into the fubdayiaiy Veins, where 

it mixes with the Blqod, and goei diie£Uy to the H^art. 

^ Hhat tht 9. Nor is. it at all neceflary, in Order! to explain how 

'*^^ *^ CAy/i5 C9me$ out of the Intejlmesy to afcdb^ a Power of 

^0^atZ^ fucking to the lafteal Veins as the Antients did tp the 

iq^ meientery Veiiis. It is fufficient to. imagine, what is 

agreeable to Reafon and Experience ; th^t every Thing 

which is in the Inteftines is in a continual permutation 

or Agitation, which make$ all the Pacts to have a Ten^ 

dency to dilute themfelves>every Way. For, upon this 

Suppofition, it is eafy to apprehend, that the fin^ Parts, 

which are the moft proper tomake Chyle, get through 

the Pores of the Inteftines and fp ^nter into the lado) 

Veins. 

w^'jkathe 10. The Courfe of the Chyle was for 9 long Time 

«Jj6jp»«*fliown by Experiments in Beafts only, which gives Occa? 

mma^ % ^^ ^^ ^^^^ ^^^ ^^ ^^^ ^^ ^^ QpinicMi pf the Antients, 
JBh^ to contend, that it does not move in the iame Manner ia 
^ Men. However this Matter is now put paft all Difpute 
by an Accident that h^ happened. Two drunken Soldiei) 
having quarrelled and fought togethp-, a(id one of them 
being very much wounded, was carried to a Surgeon, 
but was juft dead when he got thither. This Surgeon 
(Mr* G4iiatt) who is very y^lY skilled in Anatomy, kqpC 
the Body, and fometime after havirig differed it, he 

t^cwedthe Motioa pf the Chyle tg be the £une in Mea 

as 



f 



itt in Beafts. Several Pet&nswettt fucceffivdy Witnefies 
p> the Experiment ; And when thQ Chyl^ would not laft 
2Uiy loi^r, he fupplied the Wauit of it, by putting thtf 
£nd of a fmall Syringe into the Receptacle and injedlUig 
£6fne Milk ; for by that Mcms ihfy faW it difchaige it 
felf into the right Cavity of the Heart, the fame as tl^ 
Chyle did. If this Experiipent be not fufEcient to (hew 
the Coiurfe of the Ch]^e in the Bbdy,^ I know of no 
Means that thpre can bp of 4pmOQftn|ti2^ it^ 






CHAP. XXII. 

Ho%p th Blood is ma^f. 

x 

Y F what has been &id ccmceming die Courfe of the i. n«f it$ 
-r Chyle be gianted, the Opinion of the Antients, that ^» 
the Blood is made in the Liver, appears manifeftly faHtk : &«,/' ' 
And there will be no Room to doabt but that the Oiyle 
is converted into Blood m the Heart. 

2. As to the Manner in which the Qiyleis converted «. HnoO^ 
into Blood, I fhall not fay of the Heart what is ufually -^^^ <> 
£ud of the Liver, viz» that, being it fidf red, it commu- "^ 
nicates its Rednefs to the Chyle : For this is not at all ne- 
ceflary $ for we very well know, that a Chicken, which 

has Blood in its Arteries and Veins, is generated from an 
Ek> ^® Shell of which is white, the White of the E^ 
transparent, and in which there is no Red at all. I think 
therefore, that it is more probable, that the Chyle be-* 
comes red' by the ^Iteration which the Ebullition it ac« 
ijuires in the Heart make^ in the Figure and Difpofition 
of its Parts. So that the Heart contributes no more 
to the making of th« Blood theq a Kneading^-Trough does 
to the making of PaAe. ^ 

3. Accordmg to the difierent Conftitutions of Men, 3* XPM 
the Chyle is converted into Blood foon^ in fomc Per- J[Jj^^^* 
ions thsui in others. And there are fome, who have no w^^y-/ 



fame 



fooner eaten, but we may perceive by very vifible £fFe£b, Peop/g 0jtt^ 
that Part of the Food is concoaed, and the Juice got in- '^''^^ 
to the Heart ; For that Difpofition to fleep which they ^VJ^J^ 
have immediately after eating, cannot reafonably be ah 
izribed to any Thing elfe but the Want of animal Spi- 

fit^i yfbkh dg mt ttica bmd in {9 gc^t Plenty in the 

Heart, 
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Hesutf beonuf^ tbo Blood which ptifl^ through it at 
Time is bfcome tga grofe ani^cool b/the Chyle's 
with it, 

CH A P. XXIIL 

j.of$h$ C I N C E "^^ ai^ affur^d that all thic Parts of the Food 
4iffirtm Q that we takq are not converted into Chyle, but that 
£ir^Mw«/i« * S'^^ ^^ ^f ^* becomes an ulUeii Exirement ; Jt is ve- 
' ly reafonable to think ajfo, that all the Chyle is not con- 
verted into Blood, noi* all thf Bkkod •pplied to the Nou- 
rifliment of our Ibdies : So that there are feveral Sorts of 
EiKrements^ 9^d of a very different Nature, which anj 
alfo feparated in iev^ dilfei^t Mum^rs fxom th<p Bodyi 
And indeed we may a^rm, ttejt there k no Ptwrt of thg 
Body but what will become at laft an Bxcrement ; be^ 
caufe there is no Part which «t iS^me Time or other will 
not be feparated frbm the Body, feQii\g \\ ^ isi p^rpetus^ 
Change^: and iubftih by fuch Ck&nge^ 
«• Tbt 0' 2. The Parts of the Foo4 whicji are not c^vertedl 
finhno/tki Into Chyle, being proffer ?ind not fo fluid as tJic Chyle, 
^'e^htg cannot pafs along with i% into the la^eal Veins, but ait^ 
tbi separa- difchaiged by an Inteftine appointed for that PurpoTe, But 

iZn^Jllj ^^ ^ ^^ *"* ^'* ^ *^^^ ^^ R^fp^ to the Blood ; 

Swat'" f^^ ^^^ tl^^^^ '^^"g equally fluid» we may v^ry well inia- 

gine, that all the Parts of the Chyle which are not con-? 

verted into Blood, and which confequently are i^ ICind 

of Excndment, follow it every where, fo that th^ gf^ 

together all th? Way, And this is the Reafon why the 

Anticnts, who believed that the Blood was niade in the 

Liver, affirmed ; that at the making of the Blood the 

Exc|«mei\t of it were carried from the Liver througl^ 

all the Veins; but tliat fome Part of th^m was attra<^ 

by the Kidneys in Order to make Urine ; and the othqp 

part went off in Sweat through all the P^rft of th^ 

Body indifferently, 

5.7*^*fA/i This Opinion appeared very plaufibJe, both becawfe 

tu^fitmtdby the Blood which IS let out of the Vems, if it be left to 

findmt out ftjttJe a little, is found to be full of a certain Scrum which 

ul %7u v«^y «^w^ lefcmbles Urine \ and aifo beawf^ th^ KMncyi 



^ placed juft by the Extremities of the entulgent Veins 
. Arteries, thtotfgh wWeh we conceive the Parts q( 
ttieUrinfe are ableto pafs. And though -fome Perfbnt 
it ge ft cJ this Opinion it firfty and feetned confounded at 
]t» becatife it fuppofed an unintellkible Attra^ion, the 
Sphere of whofe Adlivity reached nom the JfC^tdneys to 
the extretac Paits of the fiody j yet thi& Ditfculty ^ffied 
to be taken off by the Difcovery of the Citxruktion d 
tiie Blood. For they imagined that as the Blood paiTed - 
continually out of the Artety into the emulgcnt Vein, the 
Parts of the Urine which are mixed with it there, might 
dilcharge themfelves through fuch Pores jis would carry 
them to the Kidneys. Nor Was there any further ttecd 
of afcribing any attra^ve Vertuc to the Kidneys, becau(« 
the Urine may get thither in the fame Maniver, as the 
Meal does through tfie Hoks of a Sieve into th^ Baker*! 
^Trough, though there be no attractive Vertuc in it. And 
thus this Opinion had all the Appean&ice- of Truth in 
it; 

4. But fince Philofophy began to be improved with 4- ^•^ '* 
greater Diligence than formerly, and Nature has beeA "^^ft^ 
tnore exa£dy squired into ; though it is believed ^ixxtfmtPaffmit 
tiie Urine does go that Way which weju(l now mentio*/«^'*«^'''*^ 
ned, yet they begin to fufpeft that there » another Way Z^]^^ 
befides, through which it gets into the f^tdneys and then ksmf 
Into the Bladder. The Reafons for this feem to be very 
ftroi^. For Firfi^ we find that if a Peffon be let Blood 
imm^iatdy after luiving eaten Oarlick or Spamgrafs ; nd^ 
ther the Blood nor the Serum will fmell of it as the iJrine 
does ; which it ought to do if the Urine were only the 
Senim of the Blood* Sscmdfy, It is very dificult to con- 
ceive how they who drink any large Qyantityof Water, 
efpecially any Mineral Water, fliould have it get through 
them (o foon, if it- does (K>t ^o into the Bladder feme 
fliorter way than that which I have nientioned. I forbear 
taking Notice of Wtet Alteration and Change it muil 
biake in the Motion of the Heart, and Temperature of 
the whole Body, by paffing through the Heart in fo large 
A Quantity as it muft do. And further .yet, it has not 
been hitherto obferved that the Serum of the Blood is al^ 
'Ways tran^arent, and exaifUy of the facne Colour with 
the Urine. All thefe Rea&ms havecaufed tbePhylicians 
to begin to fufpedl, and to propofe the following Qaefti- 
"on to be debated, t/iss. Whether the C/m/ be not an Ex- 
crement of the firft Coneo6iioD, that is, fuch a$ arife^ 
item the Prepamtion of the Chyle only, and not from 

the — 



the Converfion of the Chjrk into Blood. As for myrJ 
lelf, I think this Sufpicion is veiy well grounded ; and I 
tm very much inclined to think, that diere is fome PaA-,- 
£ige, through which. Part of the Urine may pods out of 
the Recepdde of* the Chyle immediately into the Kid- 
neys. But becaufe I h^ve not yet met with any Experi- 
ment to confirm Ithis Gonjefturb^ I (hall determine no- 
thing further about iti . , 
m. ^reu^ 5. As to the Pai&gesi out of the Cavity of ihe Ureters 
^ftbttpAk' into the Bladder, though they are not at all vifible, as 
gutbet/^ was obferved before, yet we are fure that their Con-*' 
u tUBui' ftrudion is fuch, >s that thc^ have fmall Vadves which 
d». irill permit the Urine to go dow:n into the Bladder^ and 
not fufFer it to return into the Uitters again. For if s^ 
Bladder be taken out of the Body of an Animal, and 
filled fuU of Water, there will not run a Drop of it out 
for a great many Days, that is^ till it is decayed ; whereas 
if the Infide be turned outwards and then it be filled 
with Water, it will all run out in two or three Hour^; 
|< ^f 6i The Particles of Sweat difcharge themfelves fromt 
S^ut. ^ Blood, at the Time that it gets out. of the Pores of 
the Arteries to caufe Nutrition, and it flies quite off fromt 
the Body by the fmall Spaces which are between the 
Fibres of the Flefh* 
7. Whu 7* It is highly probable that the Matter of ^weat i$ 
ekg Matter tjje fame as thatpf Urine j for, befides finding the fame 
^" '*• Sort of Salt in Sweat that we do in Urine ; we alfo fee 
that the more Sweat there is, the lels is the Urine. 
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CHAP. XXIV* 

Of Hunger and thirfii 

1. B<w VP^i^ ^^ Thirft are two Seniations or two natural 
Hunger it ^"^ Appetites which are excited in the Soul bom Time 
rsifdiB ut* to Time by the Aftion of the Nerves of the Stomach 
and Throat. And in order to fee how this is done, we 
muft obferve, that when the Stomkch is empty, that iff, 
not filtod with Viduals to caufe Nouriftiment j theit the 
Liquor which conftantly defcends from the Arteries^ into 

ihe 
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Stomach, and #]uch commonly ferves to cUgeft the* 
Iduals which are there, iinding nothing for them to aft 
>n, agitate and ihake the Nerves c^ the Stoihacfa ; 
^'^Hhich Motion being carried to the Brain, excites in the 
Soul, the Senfation or Appetite of Hungtr^ 

a. And if the Humour which conftwitly, afcends from ^^5$ 
the Stomach to the Thirioat, in the Form of a moift and rJ^mm*, 
grois Vapour, in order to keep the Parts as moift as is 
prot)er for the Good of the Body, be too much heated 
and in too great Agitation ; either becaufe it is not tem- 
pered with fome other Liquor, or becaufe the Heat 
which is all over the Body increafes the Agitation of it, 
or any other Caufe whatfoever ; fo that it afcends in the 
Form of Air or of fome very fine Vapour ; tL. i inftead « 

of moiftening and cooling the Throat, it will heat and 
dry it ; and this wiU caufe a Motion in the Nerves* 
proper to excite in us the Seniation of Thirft. 
» 

• * • • 

CHAP. XXV. 

Of Sicknefs and Health 

s 

. 

TjrEAL TH is a particular Difpofitloft of the Body r; jn^ 
•*3 whereby it is enabled readily to perform allthe Du-fi««^*«» 
tie»'belongii^to it; 

2/ Two Things generally go to this Difpofition ; n^me- 2. fTbat k 
ly, a Jit Conftru£iion of the PartSy and a jtd/i Temperature ^^'fif*"^ 
if them. Which two Things come pietty near to one 
and the fame. jFor by the Word Temperature we mean 
a particular Mixture and Combination of Qualities \ and 
by all that has been (aid in feveral Places in this Treatife, 
it Is evident, that what we call a S^ality^ is nothing elfe 
but a particuFar Difpofition and Texture oi fmall impef-^ 
ceptible PartSy which compofe the largar vifible Parts ■ 
of the Body. 

3. Sicknefsy on the contrary, is a particular Diipofltiojn %* Wktit 
tsli the Parts of the Body, w^hich renders them incapable ^'^*''^*'** 
of duly performing their refpeftive Fun&ions. 

4. Though Sickneis attacks the whole Man, ytt it 4* ^^ 
confifts chiefly in the Body ; and the Pains which it caufes l^'^'Jl ^ 
in the Mmd are only Oonfequences of it, as appears from m/^« 
Jiience, that by ufing Remedies which afFed only the Body, 

and 
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ittid reduces^ it to its fontm State, all the Pains and Ua^ 
eafinefs, which the Mind feels, immediately oeafe. 
A %!^Jh' 5* Thereate generally neckoned two Sorts of I>iilem«i 
fiHf^^mtbe pc% the One confifb in a bad Cmftru&im of the Parts^ 
had Con- as whcri they ate too Jarge or teb fmallf or ,|iot of tho 
fL*ft'^ Shape that they ought to be* 

6^0/ Di' 6. The other confifts m aA tU TempirOturi i that »i 

fimftrt *. in a particuiar Mtxtun of the ^dlitiis of the B&ify which 

'iU^eMt^ is not fuch as it ought to be* And' we call it a mamf^ 

tsttirt. HI Temperature if we know the Qualities which are in 

Diforder ; but we call'it eecultj when the Qv^^^ W<1 

the Gaufe are unknowni • 

7. o/the ?• All Diflempere- ar^ generally <ywif^ to th^ ill tLe^ 
Caufi 0/ gulation of our Lives, either from too much or too lit* 
Difiin^tru ^^ g^p^ j^ j„^^jj ^j. ^^ jj^j^ Exercifc, afr. Some- 
times they are caulbd by things without, and very often 
by the Abufe of Food ; that is, by our IntempeiBfice in 
eating and drinking ; which is fo much the more inju*' 
rious to us, becaufe it af&£b us JntKardly. 

8. Hn>M a 8. My Defign is not to treat of particular Diftempeit 
Fevtr it. here: However there is an extraordinary kind of Burn- 
ing in the Body, which Ph^ficians caU a /iv/r, which I 
cannot wholly pafs by in Silence ; and there is the more 
Reafon to enquire about it, becaufe this Diftemper goes 
along with almoft all others ; and befides, its Intermif-^ 
lions are the moft furprifing to all Phibfophers. 






CHAP. XXVt 
Ofa FEVER, 

X. ^bae a AFTER what has been already laid dow^ concerning 
Fever (on- ^ the Conftruftion of. a human Body, it ^ill be cafy 
/^» '«• to explain all the furprifing Phaenomena or Symptms of a 
Fever. For we need only to imagine, a fmall Part of our 
Blood or any of thofe Juices which are mixed with it as it 
runs tojvards the Heart, any Way to ft^nate in fome Part 
of the Body, fo that it does not b^in to move for fbme 
Time, till it be fo corrupted, that it refembles green Wood 
.when it begins to burn -, that is, as fuch Wood, when it is 

£sfi 
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firft laid ixpon the Fire^ feeihs hot difpofed to burd, but 
rather extifiguifhes the Fire $ fo likewife, this imall Por- 
tioa of corrupted Juice^ has no Tendency to grow hot 

I and dilate it felf at firft^ when it paffts through the Heart. 

I And as green Wood burns afterwards brighter and more 
fiercely^ than that which is dry, To alfo does this Juice at 
iength grow hotter and dilates it felf more^ than the Blood 
. ordinarily does* 

2/N0W this being iuppoied^ we are furfe iri the firft *' ^^yrSt 
tbcci that when this fluggifli Humour begins to move ^^jj^^^^ 
hoax the Place in which it was corrupted (which I ihall a Pevgr be. 
henceforth ^1 the Stat of tht Fevir) and to mix with r^^'^^y*- 
tiie Blood ; it will hinder it from dilating itfelf as' ufual in ^' ^"^ * 
paffiiig. thitugh tfa6 Hearty and confequeittly the Heart 
and Pulie will then^ beat very fainti 

3. And what ought particularly to bfc obferveJ here v ^/ !^^ 
is^ that the vital Spirits moving much flov/er than ufual ^^^'^'^"^i^ 
in the 9ody.» the Agitation of the Particles which is 

kept up by them, and iji whidh the ordinary Heat of tho 
Body confifts^ muft be very much diminifhed. Whenoe 
it follows, that we mu{t feel a certain Goldnefs^ which is 
called the cold Fit of a Fever ; which iftay ba attended 
with foine fharp or faint Twitches^ according as the cor- 
rupted Matter^ which tuns in the Arteries^ agitates the in^ 
ner Coats of them; or according as fome of its Parts, 
which get through the Pores of the Arterie^^ differently * 
ihove the Capillaments of the Nerves which they meet in 
their Paflage. 

4. And becaufe in this State It is impoflible but that 4,.Th(C4itfi 
fewer Animal Spirits ihould be produced and thofe lefs iff^^rtmo-- 
agitated than ufual ; therefore thofe of tbem^which are '^^ 
fent towards any Mufcle^ either to move the Body or to 

keep it in a particular Pofture, are neither ftrong enough, 
nor fufficiently numerous to prefs againft and ftop up the 
Valves of the Pores fo clofe^ but that they are able to 
get out J in the fame manner as When a little Air 
drawn imp the Bellows gets out again, bec^ufe it cannot 
prefs the Flap ftrong enough againft the Flole ; fo the 
Spirits fent intp,the Mufclesj get out< and go along with 
a trembling Motion from one Mufcle to another, and 
fo draw the Members by turns to the oppofite Sides,* and ' 
make them fhake; that is, caufe that trembling which ^ . 
ufually attends the Shivering or Coldnefs in a Fever. thwnni 

5. And! though all the corrupted JVlatter may perhaps <.»;;/»•« i . 
bave paffed throu<Sh the Heart in le& than IvjM an H'>ur^ h^n,t,mAif*r 

Voi. II. T >et«l^. 
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yet it may make the S^/vrnMip continue muth longer i be- 
caufe this Matter which is mixed with the Bieod nsay re. 
turn to the Heart again, with as little Dii^pofition to dilate 
it felf as it had the iirft Time it pafibd through it. 
6 H»w the 6, As green Wood after it is once heated, burns fiercer 
fbiF^ than dry Wood j fo the corrupted Matter, after it has pafied 
majtom to feveral Times through the Heart, may at laft acquire fuch 
^^'^^ a Difpofition, as to be very much rarilied, and to come 

* out of the Heart very much quicker and more agitated 
than the Blood ufually does; and this h fufficientto pro- 
duce all thofe Ei{e<£ls,* which we experience in that State 
called the hat Fit of the Ftoer^ whkb fucceeds the great 
Coldnefe. 
jjOftbe y. And, /f/?, as to the Beating of the Pulfe, it is cvi- 
t^'puffi ^c^t> that it muft be quicker and higher than uiual, be- 
andtbevebe* caufe the Blocd flows quicker into the Arteries, dUd with 
mnt HMtof greater Force and Agitation than it cmunonly does. We 
"^' ougl)t alfo to perceive a very extraordinary Heat, becauft 
the Blood which comes boiling, as it were, out of the 
Heart, is carried very fwiftly to the extreme Parts of the 
Body, without having any Time to cool it felf by the 
Lengfliof the Way. 
s TbtDiffi^ 8. Further, becaufe in this State, averyJ^rgeQuairti- 
^0^?tf b ^^ ^^ Animal Spirits gets into the Brain, and from thence 
plm'Hf \L ^'^^^ ^^f Nerves ; there muft neceffaidly arife a Difficulty 
Htad and tu Jleeptng^ Pains in the Head^ and that very trmhlefmu 
Members. T^endernefs which we have in all the Members of the Body, 
q.o/a De- 9' ^^ '"^^ ^'^^ happen, that the Animal Spirits, which 
hriwm. run irregularly in the Brain without any certain Determi- 
nation, and which are very ftrong at that Time, may of 
themfblves force open and agitate fome Parts of it, in the 
fame Manner as ihey are at other Times by eictemal Ob- 
je(fts 5 vfherefore we ought then to fee fuch Olgcfts as if 
they V ere really prefent ; and herein confift thofe ftrong 
Dtliria which fomeiimes affc6t fick Perfons fo much. 
to.ff^by a 10. And if- the Diftemper continues long-j then be- 

^TnTdfio ^r"^'^ ^^^^ ^^'';^ ^^ *^^ ^'^^^ ^*>^<^^ ^^^ ^o turn to Nou- 

inmb. rifhment are in much greater Motion than ordinary, cr 

than is neceffary for them to be employed ufefully ; thcv 
may not ftc)p in fuch Places where they are wanted, and 
where tliey might be applied to Nourifhment ; but 
pafs off in the Form of Sv/ea* or infenfible Perfpiration 
And thus the Body may grow lean, in the fame manr 
as Plants wither in a very hot Summer, becaufe the Jui( 
which ought to noarifli th«m, pafs through their Pok 
. without ftppping, 

XI. 
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tt. Ahil thSlt will te n6 dbuBt biit fhat a Fever, is "• ^c«r. 
generated in the Manner I have been fpeakihg, if we-^ff^'V^ 
eofafidai", <lia(t ^heh th^fe a any Pus made in an Abfcefc, tbu. ** '-'^ 
bt occariohed hf Atiy Wound^ ih a Sody othet\vi(e in 
Mealtb, a frj^V*^ geHei-alljr enfiies ; and wfien this Pus 
Cities ,dr ttiakes lU Way out of the Body, the Fever as 
jgenetJly gc>fes <5ff \^'£h if. 

la. Laftij^, tfrdUgli the Mattel which kindles the Fe- ^- ^f?'^ 
V#^ may deife any iHbre to fJoM^ from it§ Seat or Ke-fJg'Jptv^ 
ceptacle^' ^hd though iheire be ho new Matter mixed "*"** 
With m blood that g6ts to the Heart ; yet that which Is ^^*'** 
iSlready mixed ^ith it, may be fuificient: to make tlie 
Fever tficrfeafe^ tiH after agreitman}^ Circulations, it be 
diilipatiM, ahd the Jplood Co purified, that it is reduced 
very rfeaf to th^t TTemberature, w^ich Phyficians call 
laudable^ ' th thie fatrie Maiiiiir as Wine becomes fine 
at laft, by wbYking^in the Veflel. 

i^. Wliferi the Fcvef once comes to decline thus ; it 13- ^^ ' 
ought ifci^ to reAirri again. . Notwithftanding there may •^/«'«''•• 
remain a kirt<f of Ferment, oi certain evil Jjifpofitions, 
*ih that Pia^e wheri the Blood fe firft corrupted ; which 
may again vitiate and corrupt the Blood which gets thl* 
ther, ulf by Efegrees If come to Maturity^ and running 
into the rifcart as the firft did, caufe the (anfie Symptoms. 

1 4. t^heiice we may conclude that the Dillemper will 14* OfiU 
be a (jpiirian FeVer^ if the Portion of Blood which flag- ^^^"^^ 
nates wTII take up ttetfe Days before it comes to Matu- p^'Ju 
rity arid be capable of jiirihirig into the Heart along with 

the rert of ^hc Blood. If Ft takes up feut two Days, it 
Will Be' a tirfjifn Fever j and if it continually runs| then it 
Will be a continue/tt^yir : And /.?/?/;•, it is z continued Fa- 
VcTwitb Incredjiy when the corrupted Matter has fo vitia- 
ted the Blood, that it has not Time, betwixt the laft 
Drop of the preceeding corrupted Matter coming out of 
the Hearts and the firft Drop of new Matter coUedled 
agaih, running into it, to purify it felf ; For then, there 
is an Opportunity for the corrupted Matter, which is 
Very much difpofed to inflame, to go in great Qgantity 
to the Heart, and fo confequently to caule a more vio- 
lent Heati 

15. And this is eoftfirmetl from hence j that this Mat^ 1^*^^^^ 
ter which we have compared to green Wood) muft firft cS-^V**^ 
,cool the Blood a little, befoie it felf can be jarifie* and «/ <, Fe^r 
'heated beyond what the Blood ufually is ; And thus, the «">iti»- 
firft Time that it paffcs through the Heart, it <^ufcarome '^'^t* 
little Shivcrings, and fohie DHpofitioof to flecp, fuch as 

Vol II. T a Yawnings 
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Yawnings and DrowTinefs. which precede the Increaft of 
the Fever. 

It is impoiEble to exhauft this whole Subje£L The 
humane Body is fo wonderfully framed ; that the kaft 
Part of it will take up a Man's whole Life to underfbind 
it thoroughly : But becaufe it is very dangerous to be niif- 
taken in fo important a Matter, upon which orfe's Life 
many Times depends^ and to realbn and argue upon falfe 
Principles, (as we fee Is perpetually done every Day ;) and 
becaufe, we have but juft beguii to undeceive ourfelves 
in an iiifinite Number of Things, which we blindly re- 
ceived from the Antients as true ; we muft wait, till we 
can get more Knowledge, from the Experiments which 
fo many learned Gentlemen of the femous Academy 
are continually making with fo good Succels : That by 
following the Light and puifuing the Difcoveries of thefe 
great Genius's and firft Mafters of Science, we may with 
more AfTurance fpeak concerning ib nice and impoitanta 
SubjeA y bi which what we do alreadv know, as little 
as it is, plainly ihows us, that whole Schools have been 
deceived for many Ages, in eflablilhii^ their Maxims and 
Decrees, the very Foundation of which is felfe. Where- 
fore, when thefe Gentlemen (hall bepleafed to commu- 
nicate to the Publick, what they have by their Labour 
and Care difcovered ; I hope they will permit me to 
make Ufe of their Difcoveries, and to look upon them as 
belonging to me, in the Ufe and Application which I ex- 
peft one Day to make of them ; /not by cenfuring What 
they intended for InftruAion, but that I mav correft my 
felf, if it does not appear to agree with tne Principles 
which I have laid down, or elfe that I may be the more 
ftrongly confirmed in the Truth of them. 
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